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Office Building for the City Government. 


The new city office building of New York, 
known as the Municipal Building, will be much 
the largest municipal administration building in 
existence, and will rank with the largest privately 
built office buildings. It is interesting both as a 
municipal enterprise and as a notable piece of 
construction. About two weeks ago its steel 
framework was erected to the top of the tower. 
The photograph herewith, taken 
from the editorial offices of Engi- 
neering News on the 19th floor of 
the St. Paul Building, about 1,000 
ft. southwesterly of the new struc- 
ture, shows this stage of comple- 
tion. Following old custom, the at- 
tainment of the peak of the build- 
ing by the framing was marked by 
hoisting a flag at the highest beam 
level, 540 ft. above curb. Mean- 
while, the middle portion of the 
height of the main body of the 
building is receiving the enclosing 
skin of granite-faced brickwork, and 
in the interior the setting of the 
‘ile-arch floors is almost completed. 

This 25-story structure will have 
nearly seven-eighths of an acre 
utilized space on each floor. Its 
extreme horizontal dimensions in 
the main shaft are approximately 
380 x 166 ft., the plan being roughly 
triangular; the gross sectional area 
of the shaft is 42,686 sq. ft. The 
tower over the central portion is, of 
course, chiefly ornamental, and adds 
relatively little to the floor space 
(18,000 sq. ft. net, total for the 
tower, against 39,000 sq. ft. for one 
of the main floors). It is an import- 
ant element in the framing, how- 
ever, as its weight and the loads 
corresponding to wind moments 
are carried by the columns of the 
central part of the building, just 
where a wide areade (53 ft. 5 ins. 
high, 35 ft. wide over roadway, 76 
ft. 4 ins. wide over sidewalks) 
basses through on the line of 
Chambers St. The floor fram- 


a in general, but the columns in certain 
—o are of unusual size, partly because of 
‘he tower loads and partly because of the long 


= = ‘re Chambers St. is carried through the 
i ne a addition, there is further complica- 

‘n the lower four stories because of re- 
—_ of the columns, those above being fitted 
mace os floor plan and those below being 
—, ° the arcade arrangement and the 
on cations, ete. On account of this shift- 


aie “umns, some very heavy girder and truss 
“ors in the fourth and fifth stories. 


this, 337 ft. is the height to the cornice (25 
stories), while the height to the 34th floor, the 
highest used for offices, is 462 ft. The upper 
tiers of beams in our photograph is about 
20 ft. below the base of the figure and 40 ft. 
below its top. Counting the depth below curb 
(145% ft.), the height from base of deepest foun- 
dation pier to top of figure will be 725 feet. 

That the column sections are correspondingly 





VIEW OF THE MUNICIPAL BUILDING, NEW YORK CITY, JULY 5, 1917. 
(Highest tier of steelwork in place, 540 ft. above curb.) 
ng of the building is of very simple con- 


heavy is indicated by the maximum column load, 
6,529,000 lbs., and the maximum section, 521.5 
sq. ins. This section is made up of eight 8 x 6 x 
1-in. angles, twelve 20 x 11/16-in. plates, and eight 
36 x %-in. plates. The total steel in the building 
amounts to about 26,000 tons. The granite wall 
facing totals some 600,000 cu. ft. 

As will be remembered from our article of Nov. 
17, 1910, p. 523-529, describing the foundations 
of the Municipal Building, exceptionally difficult 
work was required in order to secure a satisfac- 
tory foundation. The entire building is founded 
on pneumatic caisson piers, about two-thirds of 


ft. below street level). The northerly one-third 
of the building (in the accompanying view th: 
farther wing) has its foundation caissons carried 
only to 70 ft. below street level, where they ar: 
footed on gravel; rock in this section of the sit: 
Was at depths up to 200 ft. below stréet level, 
so that pneumatic sinking to rock was hardly 
feasible. 

It happens that our picture shows quite 4 group 


of municipal and governmental 
buildings. In the foreground at the 
left is the Federal Post-Offics 


standing on a portion of City Ha!! 
Park, loaned to the United States 
by the city. Behind the post-offic: 
can be seen the graceful tower of 
the old City Hall, a building much 
praised by architects, and in spits 
of its great age even now an at- 
tractive feature of downtown New 
York. 

Directly behind City Hall the 
County Court House, often called 
the Tweed Court House, shows in 
the picture, and to the right of this 
an ancient building also used for 
court purposes. The new Hall of 
Records is to the north of this old 
building, facing the west side of 
the Municipal Building’s north wing. 
In the block lying west of the Hal! 
of Records several large buildings 
(privately owned) are filled with 
offices of city departments and 
bureaus. Another large group of 
city offices is housed in the Park 
Row Building, showing in the near 
foreground at the right, for a long 
time the tallest building in New 
York and in the world. All these 
offices, it is expected, will be shifted 
to the new Municipal Building as 
soon as that is completed. 

It was thought at first that the 
space afforded in the new building 
would be beyond the needs of the 
city. We understand, however, that 
as the estimates of required space 
have been received, revised and 
compiled, they have reached the 
point not only of taking up the entire build- 
ing, but even exceeding its capacity. The offices 
which will be moved to the new building now 
occupy only 40% the space available in the lat- 
ter, but many of the bureaus are quite cramped 
in their present quarters. It is fairly certain 
that no space in the new building will be avail 
able for renting to private tenants. 

The available floor area of the Municipal Build- 
ing will amount to about 700,000 sg. ft. The 
average rental paid now by the offices which will 
occupy it is not far from $1.75 per sq. ft. At this 
rate the new structure represents an annual rent 
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value of more than $1,230,000, which is enough to 
pay 8% on an investment of $15,400,000, or 10% 
on an investment of $12,300,000. 

The total cost of the building is estimated at 
$12,000,000. About $2,000,000 was spent for 
foundations, while the superstructure contract 
(without interior finish or elevators) is for some 
$6,000,000. 

The Brooklyn Bridge elevated terminal house 
appears in the picture immediately in front of 
the Municipal Building. One of the earliest 
projects for constructing the building contem- 
plated carrying this terminal over into the second 
floor of the new building and providing there a 
joint terminal for the Brooklyn Bridge trains 
and the Third Avenue Elevated trains, whose 
present terminal is immediately to the right of 
the Municipal Building. Subsequent plans, how- 
ever, arranged for a train station in the base- 
ment story of the buildong, and the bridge trains 
may ultimately be sent to this station by 
subway inclines. The station is primarily a part 
of the Centre St. loop subway, which extends 
northerly from this point to connection with the 
Manhattan and Williamsburg Bridges. The earn- 
ing value represented by this station should be 
added to the above-given estimate of office-rent 
value to get the total income-producing power 
of the building. | 

The design and construction of the Municipal 
Building are in charge of the Department of 
Bridges of New York City, Mr. Arthur J. O’Keeffe, 
Commissioner. The architects are McKim, Mead 
& White. The general contractors are The Foun- 
dation Co, (caisson foundations) and the Thomp- 
son-Starrett Co. (superstructure). 





The Influence of Forests on Stream Flow in 
the Merrimac River Basin, New Hamp- 
shire and Massachusetts. 


After a considerable lull in the animated con- 
troversy over the relation between forests and 
stream flow, there now appears a study of this 
subject pertaining to the Merrimac River. 

We give considerable space to the study; but 
more on account of its value as a long time 
record of stream flow alone than as a renewal of 
the controversy just mentioned. The stream- 
flow record included in the paper is a remarkably 
long one and probably as reliable as any in ex- 
istence. The precipitation data for a few points 
in and near the river basin cover a much longer 
period than the run-off records, but for the drain- 
age basin as a whole the rainfall records which 
have been assumed to be representative in char- 
acter are for a slightly shorter period than the 
gagings of stream flow. The forestry data, as 
will be seen from what follows, are relatively 
meager, although the author of the paper appears 
to be reasonably well satisfied with them as a 
basis for his general conclusions. 

The paper to which we refer was prepared by 
Lieut.-Col. Edward Burr, Corps of Engineers, U. 
S. Army, and is embodied in Document No. 9, 
62d Congress, First Session, U. 8S. House of Rep- 
resentatives. The paper or report is dated May 
23, 1910, and follows a very brief report on the 
advisability of improving the navigation of the 
Merrimac River between Haverhill and Lowell, 
Mass. 

From the opening paragraph of Col. Burr’s re- 
port on forestry and run-off, it appears that in 
November, 1908, the Chief of Engineers, U. S. 
Army, instructed 


all district officers to make the necessary investigations 
to determine what, if any, influence forests exert upon 
stream flow in the important navigable rivers in their 
districts and to furnish all data that tend to support 
or disprove the popular impression that forests diminish 
the height or frequency of freshets and increase the low- 
water flow of navigable rivers. 


Col. Burr states that the collection and analysis 
of data on rainfall and run-off were made by Ju- 
nior Engineer F. S. Stevens, while data on the 
drainage basin in general, and forestry condi- 
tions therein, were collected by Mr. H. A. Edge- 
comb (Clerk, U. S. Engineer Office). Col. Burr 
considered ‘it pertinent to remark that Mr. Ste- 
vens 


undertook and completed the work in ignorance of the 
forestry data of the basin and with a strong predispo- 
sition in favor of the popular belief that forests do exert 
a@ material beneficial influence upon stream flow. The 


BNGINEERING NEWS. 


conclusions stated in his report are, therefore, to be ac- 
cepted as the opinions of an observer heretofore biased in 
favor of that belief, and, in so far as they fail of 
a with it, may be accepted as being at least im- 
partial. 


As many of our readers know, the development 
of water power at Lowell, Mass., was begun in 
1821 by the Merrimac Mfg. Co. Power develop- 
ment at Lawrence, a few miles below Lowell, 
was begun in 1845. The late Mr. James B. Fran- 
cis was connected with the Lowell development 
from 1834 to his death in 1893, first as Assistant 
Engineer and then as engineer. Mr. Hiram F. 
Mills has been engineer of the Essex Co., of Law- 
rence, since 1869, and Engineer of the power 
company at Lowell since the death of Mr. Fran- 
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climatic influences, that any analysis of 

must be based upon a substantial elimina: 
variations in the latter for the determina: t 
effect, if any, of variations in all other ins * 
the most casual examination of extended rds 
precipitation, of which a few are inserted ot 
shows them to run through irregular cycles, 
and in the general case do, extend over a pe: ot % 
years or more. 


The entire drainage area of the Merrin « piy. 
er (Fig. 1) is 5,015 sq. mi. Of this, 3,815 <9. 1) 
are in New Hampshire and 1,200 in Me «ac 
setts. The portion of the drainage are apo, 
Lawrence, which alone is considered in + 
is 4,664 sq. mi. The elevation of the 















cis in 1893. Ever since cseheenar ee 

1849 a daily record has ; | 

been kept of the stage of Littleton (ee oMt.Washi i : 

the Merrimac River, as 1898-1906 / z oo as _ : 

shown by a gage below e / 

the dam at Lawrence. Col. ° ° ws eg hee - f Chatham 

Burr states that no Miles. ‘yf i Bartlet | 

change “in the regimen ; ’ / 7 ‘ | 

of the river that could Jf Q ' North Conway 

have affected the relation gh) 7 0 1 1888 - 1900) 

between river stages and i? z ne \ | 

gage heights” at the lo- “ 4 § ee a ’ | 

cation of the gage has & of "4, Ss fo Me 

taken place during the 60 3 7 °%. io I ra Cornish 

years. Other records at Ras eee Piysro A es a 1-198 

Lawrence, which it is un- Frasca OF" San hi | 

necessary to mention 1872 -1908 “ee 1 98 

here, are also available. 2 1993-1908 \) Vat he 
Precipitation records Hartland eee: grefton ii \. , 

for the Merrimac drain- 1890-19056 s jg93-4@03° § : 

age area are available wa 

at Lowell since 1826 and .  h2 5 Fragklin’ S 

for a duplicate gage at om Cresinatt sh 1902-1908 \ Ca a 

Lowell since 1856. Pre- Me. fe nig s/ Ny 

cipitation records are al- % i 54 Warner p ‘7 

so available at Concord, K 3 as » 

Lakeport and the Weirs, . : Conon 

N. H., since 1857 and = eAlstead Durham - 1 

1858. More numerous, . waetaah poner ~=259-- Phe | 

but not always complete, > oe 3 } 

rainfall records for other 28 poms, =} Brailes 2) 

stations in the basin o at roore.Q20"™, J 876-1988 ¥/ 

are available since about ; £ 1894-1902 } v i Newton . @ //) 

1886. ‘The relative de- ii of ar. ~~ & Leh < 7% a ae a } vif 

ficiency of rainfall rec- XY, = . : ili: . a 
ds is in part made good peo Newbee hee / 

ords par eg i 1886-190 Be ; { 

by a close agreement [f"°~}--- Winchendon --—--—-—- Semel AfY Lawrence IAN 

between such records as 694-1008% i o “7 ’ “ZR A ate met 

exist for the period since ppurnnar “o coo spo ton Nie (5S 1008 of 

1886 throughout the - ae ; 7 i” pis FO ZF 

whole drainage basin and “ease -~~p1ed in a08 Ficpeatord GA 

. Yoo 188 ~\ Sy 1894-1908 ff 4 

records at two stations 8 '¢ SZ nee . 

near the center of the ig oak ine POEs ag ~ K 

drainage area, namely, at o we \ ; Oo Mp, BOSTON 2 

Concord and Lakeport, qv" re “Re ROE VY Im; Capa, ES ct 

N. H. wee ®Py fham 5 Vea 
After stating that Worcester“, Lt lane "6 . | 

throughout his paper “all ecm _. ran 4-76 , X 





theorizing has been avoid- 
ed,” the author gives a FIG. 1. 
general summary of the 
conclusions drawn from 
the studies presented in 
the report. In order that 
our readers may not be 
held in suspense, we 
quote at once these conclusions of Col. Burr as 
follows: 


LAWRENCE, 
STATIONS. 


To the writer it seems clear that nothing in the follow- 
ing facts as a whole gives any support to the general 
popular belief that deforestation has exerted a harmful, 
and reforestation, to the extent of 25% of the entire area, 
has exerted a beneficial effect upon stream flow, in so 
far as concerns the Merrimac basin. 

On the contrary, there are larger indications in oppo- 
sition to this belief than there are in support of it, but 
they are not sufficiently pronounced to warrant a defi- 
nite conclusion to that effect, and may be obliterated by 
an extension of the study 20 years or more into the fu- 
ture. 

One positive and definite conclusion may be drawn 
from this study. Any attempt to determine general 
tendencies in this or a related subject on the basis of 
records covering periods of but 20 or 30 years is 
futile, and a period of more than 60 years, with complete 
and accurate records throughout, is necessary to con- 
clusions of unquest‘onable accuracy. The characteristics 
of stream flow are so largely, if not so entirely, depend- 
ent upon precipitation, modified by temperature or other 


DRAINAGE BASIN OF THE MERRIMAC RIVER ABOVE 
MASS., 


WITH LOCATION OF _ PRECIPITATION 


(The length of the precipitation records at the various stations is given and 
also isohyetal lines for the five-year period, 1901-5. The mean precipitation for 
the whole basin and period was 214 ins. We have combined in one the two maps 
of the original report.—E d.) 


area ranges from sea level to a maximum of some 
5,000 ft., the headwaters lying at a general ele- 
vation of about 2,000 ft. In general, the “topo- 
graphical conditions are conducive to rapid run- 
off, at least from the New Hampshire part of the 
basin, when climatic developments are favorable 
to freshet stages.” The numerous lakes and 
ponds in the drainage area, the largest of which, 
Lake Winnepesaukee, has an area of 100 sa. mi. 
afford comparatively little effective storage. Con 
siderable quantities of water are stored in the 
Massachusetts section and withdrawn entirely 
from the drainage area for the supply of the Bos- 
ton Metropolitan Water District. 


Forest Conditions. 


The principal information available r: garding 
‘forest conditions is to be found in the r:port of 
the United States Cen for 1900, in reports of 
the New Hampshire Forestry Commis:'on for 
1904 and 1906 and in unpublished returns : ected 
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Precipitation 


Run-off at Lawrence, Mass. | | 
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Fig. 2. Precipitation in the Merrimac River Drainage Basin from 1858 to 1908 and Run-Off 


At Lawrence, Mass., 1850 to 1908, Inclusive. 


(The precipitation figures are the average of the rainfall records at Concord, N. H., and Lakeport, N. H. 
The ‘progressive’ averages for both rainfall and run-off for any given year are the average of the 10-year period 
beginning with that year. We have combined in one diagram the annual and the progressive-period curves 


shown by two diagrams in the original report.) 
















YS) FHF 

asayaes 

Prt Tt tI 
| oo Be oe 
Hoe = 
se ri = 
2th ad 
2 ee oe a 
Sr = 
et > 
Has A 
Cc 
Fatt as 
+4 a 

oo 

SCC 

eo 

>: on 

a 

; aes 

eo 

v9 

5 

50 

44 

4s 

46 

eer 

2 i NE he 
© 43 CIA oe 
0% == RASA 
<4 7- 
8% Cyr 
£3 PA 

= =o 

= im ae 
35 


a ca od 
LJ inci hada ok ok ot tee 2 i tk ek ek 


Fig. 3. Progressive 10-Year Averages of Annual Precipitation at Six Long- 
Record Stations: Lowell, Mass., (2 Stations), New Bedford, Mass., 
Providence, R. |., Philadelphia, Pa., and Marietta, Ohio. 
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Fig. 4. Precipitation at Boston, Mass., 1819 to 1908, Inclusive; (1) Annual 


and (2) Average Annual for Progressive 10-Year Periods. 
FIGS. 2 TO 4. DIAGRAMS SHOWING PRECIPITATION OR RAINFALL 


IN THE MERRIMAC RIVER DRAINAGE AREA AND LONG-TIME 
RECORDS FOR VARIOUS CITIES, 


by Massachusetts towns 
in 1905 for an agricul- 
tural census of that state. 
Mr. Edgecomb had ac- 
cess to the Massachu- 
setts figures. In addition 
to information bearing 
directly upon forested 
areas, use was made of 
census statistics showing 
the areas of improved 
and unimproved lands, 
and from these deduc- 
tions were made as to 
forestry conditions. For 
the census years 1870 and 
1880, unimproved lands 
reported were classified 
into woodland and other 
unimproved land. Col. 
Burr states: 

From these statistics, aided 
by the local information men- 
tioned above, there have been 
derived data as to forested 
areas at 10-year intervals 
from 1850 to 1900 that suf- 
fice, for the purposes of this 
study, to determine approxi- 


mately the changes that have 
occurred in the last 60 years. 


The most essential for- 
estry data available from 
actual records and deduc- 
tions are summarized by 
Col. Burr in the table at 
the top of the next col- 
umn. 

It will be noted that 
these figures relate to 
New Hampshire alone, 
and to the whole state, 
rather than being con- 
finel to the Merrimac 
River drainage area. 

Mr. Edgecomb presents 
in some detail such for- 
estry data as he could 
find, and shows how he 
arrived at his conclusions 
as to the figures applic- 
able to the Merrimac 
drainage area above Law- 
rence located in the two 
states of Massachusetts 
and New Hampshire. It 
seems uNMnnecessary' to 
take up Mr. Edgecomb’s 
original data _ further 
than to state that the 
New Hampshire forestry 
surveys mentioned above 
afforded more or less 


FOREST AREAS IN NEW HAMPSHIRE 
Perc entage 
Percentage change by 


Acres. of State decades 
A 45.1 caches 
188D....... eee 43.1 — 20 
BN i a0.0 o's sc cena Ree 43.7 +06 
er Fk 46.0 + 2.3 
ee cs tcédeussces Ce 59. +13.1 
BGs a+ ks ao cen ess ee 67.4 + 83 





definite information regarding recent forested and 
unforested areas, while the 1905 census returns 
from Massachusetts towns already mentioned 
Served the same general purpose for the Massa- 
chusetts portion of the drainage area. Due con- 
sideration was given to such coilateral informa- 
tion, some of which was largely in the nature of 
impressions or opinions, as was available. 

The significant conclusions as to forestry eon- 
ditions in the Merrimac drainage basin drawn by 
Col. Burr are expressed in the following sentence 

Deforestation continued progressively from the earliest 
settlements to about 1860-1870; reforestation through 
natural processes has progressed since 1870 at a rate 
which has increased from 1880 to 1) or later: and 
forest areas are larger now than in 1860-1870 by as much 
as 25 to 30% of the entire basin 

The reports of the New Hampshire Forestry 
Commission for 1904 and 1906 contain estimates 
to the effect that 85% of that portion of the Mer- 
rimac drainage area above Plymouth, N. H., is 
in heavy forests and that of the southern part 
of the basin in the state 66% is forested. This 
gives an average of 70.5% for the portion of the 
basin in New Hampshire, while the Massachu- 
setts agricultural census returns of 1905 show 
35.6% of the Massachusetts portion of the basin 
in woodland. From these figures it is concluded 
that 62% of the entire Merrimac drainage basin 
is now in forest. It is also concluded that for 
some years past natural reforestation has been 
proceeding at the rate of about 1% in Massa- 
chusetts and about 1.1% in New Hampshire. 

Perhaps it should be brought out that what 
constitutes forested areas is interpreted broadly 
(Or perhaps we should say thinly) by Mr. Edge- 
comb and that his interpretation seems to be 
accepted without question by Col. Burr. Thus 
we find in Mr. Edgecomb’s report a statement 
that the present forest stand in New Hampshire 
is in rare instances or localities more than SO 
years of age; that below this “all ages are well 
represented,” and that near the older settle- 
ments, particularly in the southeastern part of 
the state, “most of the woodland has been cut 
over two or three times, and sapling stands are 
more abundant than elsewhere.” In extracts 
from the New Hampshire forestry reports cited 
by Mr. Edgecomb, we find such statements as 
these: 

The present forest consists entirely of second growth, 
chiefly in small lots, but occupying about two-thirds of 
the total land area. The forest area has been greatly 
extended by the abandonment of improved farm land, in 
rapid progress since 1880. .. . 

At least 800,000 acres of improved land have been 
abandoned since 1880, and a. large part of this area is 
not yet fully stocked with trées. 

In the section on Massachusetts conditions, 
Mr. Edgecomb states that “woodland includes 
forests over 30 years growth, forests under 30 
years growth, seeds or transplanted seedlings, 
scrub and unclassified woodland.” Elsewhere, 
Mr. Edgecomb cites the state forester of Massa- 
chusetts to the effect that forests which have 
been run through by fires are seldom completely 
destroyed, and then adds 


a portion of the forest remain, and the destroyed sec- 
tion, without artificial means, ‘soon grows to brush or 
scrub, effectively covering the soil and retaining its 
original character so far as it has any regulative influ- 
ence on stream flow. 


Precipitation. 


Col. Burr states that the Massachusetts sec- 
tion of the Merrimac drainage basin 


is fairly well covered by the [precipitation] records since 
1885, but that there are relatively few records for New 
Hampshire, and none within the basin for the 900 sq 
mi. above Plymouth, or for the large area on the west- 
ern slope of the basin between Peterboro and Grafton, 
a distance of 45 mi. 


The only records going back of 1885 are as fol- 
lows: Lowell, Mass., 1826 to 1908, and also for 
another gage, 1856 to 1908; Concord, N. H., 1857 
to 1908; Lakeport, N. H., 1858 to 1908; the 
Weirs, N. H., 1858 to 1905; Manchester, N. H., 
1876 to 1908; Framingham, Mass., 1877 to 1908. 

The investigators appear to have spared no 
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effort to collect as complete rainfall data as pos- 
sible. The report contains transcripts of not 
only the long-time records named, but also of 
many short-time records, and the investigators 
went sufficiently far afield to bring in various 
records from stations in Vermont and also in 
New Hampshire and Massachusetts outside the 
drainage area. The many gaps in the records, 
particularly in the short-time records, were 
painstakingly filled by carefully-made estimates 
based on records for other stations which agreed 
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Fig. 5. Actual Records by Years. 


With those which were deficient. It is unneces- 
take these estimates into consideration 
further than to say that careful compilation of 
all available precipitation records in the drain- 
age basin and a series of isohyetal maps for the 
drainage basin, made up of progressive five-year 
rainfall averages, indicated that the average for 
the whole basin from 1886 to 1908 was in close 
agreement with the average of the Concord and 
Lakeport precipitation for the same period. The 
differences between the averages for the whole 
basin and the Lakeport-Concord averages were 
only 


Sary to 


0.64% in the mean of the 19 periods; a difference for 
single periods not exceeding 3.27% and individual differ- 
ences of less than 1% for 12 periods, as used for all 
comparisons of precipitation and run-off, show no peri- 
odie difference greater than 1.8% and in nine out of 14 
periods a difference less than 1%. For some single years 
an estimate based on the Lakeport-Concord average 
might be considerably in error and too much weight 
must not be given to the diagram of annual precipita- 
tion, but yearly irregularities tend to balance one an- 
other in the course of 10 years and estimates of the 
precipitation for the basin for 10-year periods based on 
the Lakeport-Concord averages are believed to approx- 
imate so nearly to the actual facts as to lead to no ma- 
terial error in deducing relative tendencies. 


Accordingly, the average of the Concord and 
Lakeport figures from 1858 to 1908 was used as 
indicating the precipitation throughout the whole 
Merrimac River drainage area. 

Col. Burr is of the opinion that the precipita- 
tion data used in the study are 


as complete as those available for the drainage area of 
any other navigable stream in the United States, and are 
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more complete than for the very large majority of such 
streams, and if a conclusion based on this data is not 
reasonably correct, then the study of such questions may 
as well be abandoned at this time so far as concerns 
streams of a size to be classed as navigable rivers. 


The precipitation for the Merrimac River basin 
from 1858 to 1908 as thus deduced is shown 
diagrammatically by F’g. 2. The diagram gives 
both the annual figures and averages for pro- 
gressive 10-year periods. For purposes of com- 
parison, the precipitation records of two gages 
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Fig. 6. Averages for Progressive 10-Year Periods. 


FIGS. 5 AND 6. NUMBER, DURATION, AND GAGE-HEIGHT OF FLOODS. 
FIGS. 5 TO 10. FLOODS, FLOOD AND ANNUAL DISCHARGE, AND LOW WATER IN THE MERRIMAC RIVER AT LAWRENCE, MASS., 






at Lowell, Mass., and at four other stations are 
shown by Fig. 3, while Fig. 4 shows a long-time 
record at Boston, Mass. We reprint Col. Burr’s 
comments on the precipitation diagrams for the 
Merrimac basin as a whole and for the several 
stations just mentioned. 


The results of these estimates for annual precipitation 
and for progressive 1-year periods are shown by dia- 
grams (Fig. 2). Annual precipitation since 1858 has 
varied between 31 and 53 ins. and extremes are distrib- 
uted throughout the record. It may be observed that 
the two great floods that occurred during this period 
did not fall in years of greatest annual precipitation, 
the records for 1895 and 1896 being 46 and 42 ins. The 
precipitation for 1895 has been exceeded in seven differ- 
ent years and although 10% greater than for 1896, the 
1895 flood was lower by 2% ft. than the flood of 1896, 
the highest flood on record. 


The d'agram for progressive 10-year periods shows 
variations in 10-year means between 39 and 43 ins. or 
of about 10%. Beginning in 1858 there is for 15 years 
or more an irregular variation of about 3%, followed by 
a drop in 1876-1877 to the minimum of 39 ins. and by 
two cycles that reach the maximum of 43 ins. in 1884 
and 1894, with a return in 1908 to 40 ins. The indica- 
tions from this period of 50 years are that precipitation 
had reached its minimum in the middle seventies, coin- 
cident approximately with the time of minimum forest 
areis, but it is known that a period of great drought 
had occurred about 1840, and for a further study of 
this question, all available data have been collected for 
near-by New England stations prior to‘ 1850. 

On Fig. 3 are shown the records for progressive 10- 


Number of Days. 


Discharge in Inches. 


year periods for Lowell (Merrimac Manufa 
since 1826, Lowell (Proprietors, Locks, and 
1856, Providence since 1832, and New Pp: 
1815; and on Fig. 4 are the annual and 10- 
for Boston since 1818. To Fig. 3 have also 
the 10-year records for Philadelphia, Pa., a 
Ohio. Many points may be noted from thes, 
of which none is more curious than the clos: 
of the records for Providence and ‘New Bed: 
apart) since 1850 and the wide divergence >}. 
for earlier years. 

The diagrams show marked differences ;; 
variations in precipitation from place to pla 
of them offers any support to the theory o; 
that deforestat’on decreases precipitation and 
On the contrary, the best indications of th: 
are that, so far as concerns the Merrima 
southeastern New England, as well as Ea 
sylvania and Ohio, more rain has fallen as ; 
decreased. 

In this connection especial attention is in 
diagrams of precipitation at Boston since 
illustrate many points.’ The variation in an 
itation has been extreme, the minimum bx 
and the maximum 67 ins. The highest reco 
tween 1862 and 1878, while the lowest are {fo 
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Fig. 7. Actual Records by Years. 
FIGS. 7 AND 8. TOTAL DURATION OF FLOODS 
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first and last thirds. 


1850-1908, 


climatic records in discussing progressive cha: 


tendencies, 


indicate a radical decrease in precipitation, bu‘ 
ord since 1818 tells another story. The other long-time 
precipitation records diagrammed on Fig. 3 mke plain 
also that discuss‘ons of climatic changes and 0 
flow controlled by them, based on records covering even 
as much as 50 years may, and doubtless wil’, 


erroneous conclusions, and that data for at leas! 


The third diagram [lower curv 


Fig. 4] illustrates the futility of averages for hal 
‘periods, since the two averages differ by only 3% and 
give no indications of the marked cycle between 1%) 
and 1887. The diagram for progressive H)-year periods 
shows a slight increase to 1823, followed by minor 
changes to 1840; then comes a gradual increase of 
about 30% to 1861, and a similar decline to 188i, with 4 

drop in 1908 to about the minimum of 1819. 
This diagram shows the worthlessness of short-time 
res and 


The record for the 50 years since 1S') would 


he rec- 


stream 


ead to 
80 or 


109 years are necessary to approximately accurate de- 


ductions. 
The Boston diagram for the same reasons 
fallibility and infallibility of the ‘‘oldest 


who, if his memory carried him back accurate!) 
there was 


to 50 years, would correctly remember that 


much more rain in his youth, but who, if it 
back 65 to 85 years, might equally well ren 


ows the 
abitant” 
for 3 


ok him 


mber 00 


difference from the rains and the snows of bis 
In some discussions on stream flow so muc! 
has been placed upon the recollections of eld 


regarding the conditions of wells, springs ©” 
during their early years that it is worth no 
major climatic cycles exten# much beyond ¢ 


the average man or the accurate recollections 
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july 27. ‘OTT. 
————— 
Run-Off. 

col, Burr remarks on run-off data are prefaced 
ny the § ment that the power companies at 
Lowell Lawrence acquired control of the 
wutlets t nnepesaukee, Swan and other, lakes 
ie M nac drainage basin in 1846, and have 
since util the lakes as storage reservoirs for 
oe bene! f their water-power plants. The 
naan Lawrence, has kept a daily record 
of the he of the river below its dam since 
1949. It also made many measurements of 
ae “disc ve of the river over its dam and 
ia ugh it inals, wheels and tail races.”” These 
 eagureme” Ss have been used as the basis for a 
ischarge rating curve. Since 1888, Col. Burr 
ase the mpany has “determined the actual 
yecharge of the river.” All records mentioned 
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Fig, 8. Averages for Progressive 10-Year Periods. 


ENGINEERING NEWS. 


ing the last year of the preceding period By the use 
of these periods, hereafter called ‘‘progressive 10-year 
periods,’" a continuous record from year to year is ob- 
tained, the beginning and end of each change is defined 
and the break ng up of irregular cycles, w.th resulting 
incorrect dedu t.ons, is avoided, but the labor involved 
in arranging the data has been multiplied tenfold. 
The run-off data for the Merrimac River are 
presented by means of the two lower curves 
shown by Fig. 2, the lowest curve showing the 
percentage of run-off. Col. Burr remarks that 
the diagrams for precipitation and run-off “‘illus- 
trate clearly the small value of annual statistics 
alone for ascertaining progressive tendencies in 
any field where results depend 


primarily upon 


data vary:ng sv erratically as do climatic records 
annual run-off from the 
basin has ranged 


for short periods.” The 


Merrimac 


from 14 to 30 ins 
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AND TOTAL ANNUAL AND FLOOD DISCHARGES 


OF DEPTH. 
AND PRECIPITATION IN THE DRAINAGE BAS! 


were given careful consideration by Mr. Stevens 
in h's detailed study of precipitation and run- 
ff appended to Col. Burr’s report. The run-off 
omputations for the Merrimac River at Law- 
rence are characterized by Col. Burr as “of ex- 
eptional value compared with the summary data 
‘vailable for most navigable rivers.” 

To eliminate “erratic variations, with no re- 
‘ton one to another that are found in climatic 
‘cords compiled from month to month or year 
‘o year and that occur in stream conditions con- 
trolled largely by such variations,” there must 
e employed in any such study as this, Col. Burr 
states, “such a system of averages as best fits 
Me case in hand,” He adds that such averages 
merely facilitate a “comparison of facts” and 
hat correct deductions can be expected in all 
ases only when averages are considered in con- 
ecton with the facts themselves. To continue 
u Col. Burr's own language: 

a ‘he arrangement of erratic records, the length of the 
a over which averages are taken must be so se- 
ren as to control eccentric data that are merely inci- 
omens such records and at the same time to show 
aon tendencies and to provide results in numbers 
nt. for comparison. It is, for instance, evident 
= an averase covering the entire period of the record 
nai aa illustrating tendencies and that averages 
*, aif Periois are almost equally futile. In the pres- 


oe & period of 10 years has been selected as being 

ete ., enough eliminate variations that are merely 

To prom sear to year, 

erahean 4 -ontinuous record, these 10-year periods are 

than she Procvessively, each beginning one year later 

a Then hext preceding period, instead of consecutively 
each period begins with the year next follow- 


N, 





Annual Precipitation. — 


Fig. 9. Actual Records by Years. 
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The average percentage of run-off has been ghtly 
less dur'ng the period of reforestation fhan during the 
period of maximum deforestation, but the differen 
re‘atively sma!! and variations in percentage ave moved 
w thout any dstinct relation to forest conditior o 
as may be determined from this record of 60 y s. M 
Stevens in his report discusses the effe 
off of the storage capacity of the lakes in the basin a 
of the water withdrawn for th upply of the Bost 
Metropolitan District The former may be neglected a 
having no effect in tl connection since the 1 
water finally reaches the river The latter represen 
water poriranently withdrawn from the str.am slowly 
nereas nz qu’ntities and may account in part for the 
lower percentages of run-off during recent ye bu 
its amount is relatively so small as not to affect the 
deduct'ons to be drawn from the data at hand 

The average run-off in the Merrima River varie 
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Fig. 10. Averages for Progressive 10-Year Periods. 


FIGS. 9 AND 10. GAGE-HEIGHT AND DURATION OF LOW-WATER STAGES AND 
PRECIPITATION. 


1850-1908, 


actual and from 40 to 76% of the precipitation. 
It not infrequently happens that a large annual 
run-off is followed immediately by a small one. 
Large annual precipitations are not necessarily 
accompanied by large run-offs. The diagrams 
show that run-off is materially affected from 
year to year by factors other than the mere 
amount of annual prec’pitation.” 

By means of the 10-year progressive averages, 
a study of tendencies can be made. The curves 
for precipitation and run-off “are the same gen- 
eral shape and very nearly parallel,” but the 
percentage run-off curve “fails to parallel closely 
that of precipitation, and its meneral tendency is 
downward.” Quoting further from Col. Burr’s 
discussion: 

The highest percentages are found between 1860 and 
1875, when the precipitation was moderate, and are fol- 
lowed by a decline in both to the minimum of. 1875- 
1885; but the two cycles of increased precipitation since 
1885 have not been accompanied by corresponding in- 
creases in the percentage of run-off; and in recent years 
this percentage has been less than in 1860-1875, although 
the average precipitation has been greater. 

It is to be noted that the percentage of run-off is ap- 
proximately the same in 1899-1908 as for 1858-1867; that 
the extreme variations of about 8% occurred between 
1865 and 1885 when no marked change in forest areas 
took place; that the maximum percentage occurred when 
forest arcas were a minimum; and that a progressive 
increase of 25 to 30% in forest areas since 1880 has not 
been accompanied by any corresponding change in per- 
centage of run-off. 


BOTH ANNUALLY AND BY AVERAGES FOR PROGRESSIVE TEN-YEAR PERIODS 


with the average precipitation throughout its basin, and 


the percentage of precipitation that reaches the 


river is 
not appreciably affected by cha@nges as great as 25 to 
30% in forested areas The increase in forested areas 
since 1880 appears to be accompanied by a slight de 


crease in percentage of run-off, but the tendency is not 
sufficiently marked to warrant a definite conclusion to 


that effect. 
We also quote from Mr. Stevens’ supplemen- 
tary report a portion dealing directly with his 


run-off stud‘es: 


Discharge quantit'es, as est'mated by means of a curve, 
can, as a rule, be regarded only as very fair approxima- 
tions. And, while in this case the measurements upon 
which the curve is based were undoubtedly of excep- 
tional accuracy, the fact that the curve gives mean dis- 
charge for 24 hours on the author'ty of one gage read- 
ing, in a stream subject at times to rapid rises and 
falls, admits the possibility of an occasional important 
difference betwéen the actual daily discharge and the 
discharge indicated by the curve. The discharge in 
second-feet for 24 hours, correspond ng to the mean 
monthly gage height, was taken as the mean monthly 
discharge. The mean monthly gage height used was 
the mean for working days; and, since on Sundays and 
holidays during the low-water period the river at the 
gage is much lower and the discharge much less than 
on working days, the estimated discharge for the low- 
water months and consequentiy for the year, is somewhat 
greater than the actual But, as the yearly difference 
is fairly uniform, and the difference for 10-year period: 
exceptiona'ly so—and as this study is one of the relative 
rather than actual quantities, this error can bardly have 
any appreciable influence on final conclusions. 
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COMPARISONS OF ANNUAL DISCHARGE, AS ESTI- 
MATED BY MEANS OF DISCHARGE CURVE, WITH 
THAT COMPUTED BY ESSEX CO. 

Mean per 
cent. of dif- 
ference for 
progressive 

10-year 
periods, 
Per cent. beginning 

Differ- of differ- with given 
Year. curve. of Essex Co. ence. \ date. 

1888.... 29.39 27.41 1.98 7 3.78 

1889.... 24.43 24.30 13 

1800.... 29.58 29.15 43 

1891.... a 26.66 58 

1892.... ‘ 15.82 74 

1803.... . 19.55 1.61 

1894.... 15.78 15.28 ei) 

| ae 13.06 1.25 

1896... 23 23.07 59 

1887.... . 22.19 .24 

1808.... 25. 24.11 1.30 

180D.... 23. 22.25 

ORs 6 19.43 1.9 

1901.... 23. 22.37 

1902.... 7 26.65 

1903 


Discharge Dis- 

in ins. as charge 
estimated by in ins. 

means of from com- 

discharge putations 
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All errors involved in the estimates of discharge are, 
with the exception of that due to over-estimating the 
discharge for Sundays and holidays, compensating in 
effect rather than accumulating; and the aggregate error 
is not of such a nature as to affect the form of the 
curves for 10-year periods. Table 4 gives the yearly dis- 
charge as actually measured by the Essex Co. for 21 
years, 1888-1908, inclusive; and the discharge for the 
same years as estimated by the methods described 
above, showing that, while the difference for some years 
is rather large, for 10-year periods it is less than 5%% 
at its maximum, and varies less than 2% for the twelve 
10-year periods compared. 


Floods and Low Water. 

There being no “danger line’ shown by the 
Merrimac gage heights, it was concluded after 
a study of the continuous daily hydrograph of 
the river for about 60 years to “class as floods 
only such rises as reach or exceed a height of 
15 ft. on the gage and to consider such a rise as 
constituting only one flood between the times it 
passed 8 ft.'on the gage in rising and again in 
falling.” 

In computing flood durations and discharge, 
consideration was given only to the period dur- 
ing which the river was above gage 10 ft. Floods 
were also classified as “winter and spring,” or 
those due to the spring rains and melting snow, 
and “summer and fall,” due to rainfall modified 
by ground-water conditions. Nearly all the 
floods of extraordinary height occurred in the 
spring. 

For convenience in comparison, we have 
brought together on two facing pages a half 
dozen diagrams which were presented on sepa- 
rate sheets in the original report. Figs. 5 and 6 
are pertinent to the present discussion. They 
show the number, duration and heights of floods 
from 1850 to 1908, together with subclassifica- 
tions into winter and spring and summer and 
fall floods. There is also a curve giving the 
ratio of the heights of floods above 10 ft. to the 
number of days that they were above that 
height. Fig. 6 shows the same curves for pro- 
gressive 10-year periods. 

Col. Burr’s general comments on the portion 
of the diagrams bearing on the frequency of 
floods as shown by the progressive 10-year aver- 
ages, Figs. 5 and 6, are as follows: 

The diagrams (Fig. 6) of the average number of floods 
for 10-year periods indicate a maximum number of 
summer and fall floods at the beginning of the record 
(1850-1859), and a decrease to a minimum in 1876-1885, 
followed by an increase toward the end of the record. 
They show less variation for winter and spring floods, 
but with the maximum stil] between 1850 and 1859, a 
minimum in 1856-1865, a lesser maximum in 1866-1876, 
a decline again to the minimum, and a slight increase 
at the end of the record. The summary of all floods 
parallels fairly closely the record of summer and fall 
floods, with the minimum between 1876 and 1894, fol- 
lowed by an increase to 1906. 

Bearing in mind that forest areas were least between 
1860 and 1880 and that they have since increased by 
25 to 30% of the entire basin, it certainly may be said 
that these diagrams show no increase in the frequency 
of floods with deforestation or decrease with material 
reforestation. On the contrary, if this record has any 
value at all it tends to show opposite effects. It may 
be noted also that it fails to show any relation be- 
tween periods of maximum precipitation and of maxi- 
mum flood frequency. There was undoubtedly a period 


in 1850-1860 when floods were more frequent than in 
later decades, but no great weight is necessarily to be 
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given to the apparent increase in flood frequency prior 
to 1906. Flood both as to their frequencies and as to 
their extreme heights, result from unusual combinations 
of climatic conditions, erratic as to their periods, and 
the increase in flood frequency to 1906 was perhaps 
in part due to the more frequent recurrence of such 
combinations rather than to the increase in forested 
areas. 

Flood frequency has not decreased with the reforesta- 
tion of 25 to 30% of the basin, nor did it increase dur- 
ing the last of the period of deforestation. The data 
available might be held to indicate contrary results, 
but the period from 18350 to 1908 is not sufficiently long 
to permit of a definite conclusion to that effect. 


A sentence from Mr. Stevens’ report may be 
inserted here: 


To show with any accuracy what portions of such 
changes were due to deforestation, and what to other 
causes, would be practically impossible; and if any are 
detected they should be considered as resulting from 
the sum of the effect of all the elements concerned 
rather than from that of the forest element alone. 


Furthermore, Mr. Stevens says that he feels 
“justified in making the statement that the 
amount of flood discharge has undergone no ap- 
preciable change since 1850.” 

Commenting in general terms upon the height 
and duration of maximum floods, Col. Burr says: 


From the above it appears that extraordinary floods 
have resulted from exceptional climatic conditions ir- 
respective of material changes in forested areas; that 
after 1850 the average maximum height of spring floods 
showed a tendency to decrease until about 1 and the 
average duration to decrease until about 1872-1882, 
since which dates there have been in both height and 
duration a tendency toward increase; that there was a 
slight tendency toward increase in the maximum height 
of summer and fall floods from 1850 to 1908, with ex- 
treme variations between 1870 and 1890, and that there 
was a slight increase in the duration of these floods 
to about 1880, followed by a decrease of nearly equal 
amount; that the relation of height to duration of spring 
floods has remained nearly uniform throughout the rec- 
ord, while summer and fall floods show a tendency to be 
relatively shorter and sharper at the two ends of the 
record than through the middle of the record. 


As to the duration of flood stages and amount 
of flood discharge (see Figs. 7 and 8 for dis- 
charge curves), Col. Burr says: 


The diagrams for total annual days of flood and for 
days of flood per inch of precipitation are approxi- 
mately parallel to the precipitation diagram, indicating 
quite clearly that, when eccentricities are eliminated by 
averages over a period of 10 years or more, the duration 
of floods is dependent largely upon the amount of pre- 
cipitation and that the duration of floods per inch of 
precipitation increases with the latter. The same char- 
acteristics are recognizable in regard to annual dis- 
charge, annual flood discharge, the percentage of annual 
discharge that runs off during flood stages, and the 
flood discharge per inch of precipitation. So marked are 
these characteristics that it is difficult if not impracti- 
cable to eliminate the influence of precipitation and to 
ascertain the existence and effect of any minor influence 
such as variable forest conditions. 

In an endeavor to reach a conclusion in this matter 
attention may best be directed to the five diagrams that 
are exceptionally similar in outline and that show the 
number of days of flood, the days of flood per inch of 
precipitation, the annual fleod discharge, the ratio of 
flood discharge to total discharge, and the flood dis- 
charge per inch of precipitation. These diagrams show 
a general tendency toward a decrease in duration and 
run-off for floods to about 1880 and an increase since 
that time. In this respect they follow in a general way 
the diagram for~precipitation, but differences worth not- 
ing are observable in the diagrams showing the number 
of flood days per inch of precipitation and the ratio 
of flood discharge to total discharge, in which diagrams 
the influence of variations in precipitation is eliminated 
as far as possible. It will be noted that at the end of 
the record the precipitation was nearly the same as in 
1880, being about 2.5% greater, while the number of 
flood days and the ratio of flood discharge to total dis- 
charge were both about 20% larger than in 1880. It 
may be held that this record is not sufficiently long and 
definite to show that the material increase in forested 
areas since 1880 is responsible for this apparent in- 
crease in flood duration and discharge but tire indica- 
tions point that way. In any case it may be stated 
that nothing in the record indicates that deforestation 
has been accompanied by an increase or reforestation 
by a decrease in flood duration and discharge. 

Deforestation has not increased the duration of flood 
stages nor the amount of run-off or discharge during 
flood stages. There are indications that flood dura- 
tion and discharge have increased since 1880, coinci- 
dent with a material :ncrease in forested areas, but a 
longer period of observation is necessary to a definite 
conclusion. 


Figs. 9 and 10 present curves for duration and 
height of low-water stages. We reprint a por- 
tion of Col. Burr’s comment on these diagrams: 


The diagrams on Fig. 10 (10-year periods) again illus- 
trate the fallibility of relatively short records, since 
the portions of them subsequent to 1864 and covering a 
period of more than 40 years would be misleading if con- 
sidered apart from the record prior to that date. The 
data indicate that in the later sixties and early seven- 
ties the low-water stage of the river averaged higher 
and of less duration than it did before and after that 
time. In diagrams 4 and 5 an attempt has been made to 
eliminate the effect of variations in precipitation, and 
the results are essontially similar to those apparent in 
the preceding diagrams. It is also worthy of note that 
the indications as to progressive changes in low-water 
flow are in a general way complementary to the tenden- 
cies apparent in the data regarding flood stages, with 
some difference as to time of maximum effect, and to 
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this extent they support each other. In ec, 
are no indications that any detrimenta! . 
sulted from deforestation or that any b« 
has followed reforestation and such indi. 
apparent point the other way. 

In connection with this part of the su! 
analysis has been made by Mr. Stevens 0: 
conditions of storage in Winnepesaukee La} 
withdrawal of water from the Concord and 
leys for the supply of Boston and its Mei 
trict. His conclusions as to lake storage 
in no.way responsible for any progress) 
changes. The effect of water withdrawal ¢ 
of Boston is not easily ascertainable, with a 
The Boston and Metropolitan water-supp 
basin is dependent on the storage of s. 
Since 1875 it has included the run-off of : 
and since 1898 the run-off of 118.23 sq. mj 
total since 1898 of 212.30 sq. mi. These 
spectively 2, 2% and 4%% of the entire b: 
ing that none of the low-water flow fron 
has been wasted and that all of it has } 
from the river, it can at most amount to 
4%% of the low-water flow at Lawrence, 
been less. With a discharge of 2,000 cu 
for a gage height of 4.5 ft., 4%% of the 
to about 90 cu. ft. per sec., and its loss ; 
the gage reading only 0.1-ft. To neither of hese cayses 
can the loss of about 0.6-ft. in the averar: low-water 
level since 1865-1874 be attributed and th: joss, 
the gain prior to that decade, when no per: 
drawals of water were being made, must } 
other causes. Regarding the gain last mentioned, 
noticeable that it occurred during a period when ; 
tation, as recorded at Lowell, was norma! ; 
throughout. 

Bearing in mind that deforestation attaine: 
mum extent about 1870, it is evident that the data ayai. 
able do not show any ill effects on low-water stages 
from the loss of forests or any beneficial effects fron 
reforestation amounting to 25% of the entire basin. Such 
tendencies as are apparent from the data for 0 years 
seem to indicate contrary effects and a most conserva 
tive conclusion can go no further than to state that these 
tendencies are perhaps not sufficient in magnitude or as 
to time to warrant a definite opinion that forests affe 
low-water conditions adversely. 


nore than 
may have 

per sec. 
¥ amounts 
ild reduce 
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A few sentences from Mr. Stevens’ report may 
be given here: 

Curves 2 and 3 (Fig. 10), showing mean minimum 
gage height and mean number of days per year tha 
stage was below 5, afford an excellent i!\ustration of 
the fact that studies of precipitation and run-off, cover- 
ing short periods, are apt to be misleading. Had this 
study commenced with the year 1865 it would have 
shown a continuous falling off in the height of low 
stages and a continuous increase in their duration. Fol- 
lowing the curves back, however, to 1850 we find that 
low-water conditions at that time were, if anything 
worse than they have been at any time since 

The report includes eleven large folding sheets 
showing “hydrographs of the river for som 
typical flood and low-water years, including the 
great floods of 1852, 1895 and 1906.” On these 
sheets, daily temperature and precipitation rec- 
ords for some station as nearly as possible to 
the headwaters of the upper river are given 
Snow depths at Plymouth, in the northern por- 
tion of the drainage area, as measured in the 
cpen at intervals during the winter,’’ are given 
for some of the later years of the study. Col 
Burr expresses regret that the snow record is 
limited to recent years and that no records for 
snow depths in forests and in the mountains are 
available. He also states that no attempt has 
been made to analyze the diagrams and that 
they seem to teach nothing regarding ‘‘the nor- 
mal river conditions other than such as are 
matters of common knowledge.” 


General Summary. 


Our extracts from Col. Burr’s report have 4l- 
realy given a number of his conclusions, but for 
convenience we include here his “summary,” evea 
at the risk of slight repetition: 


The facts and conclusions that are stated ‘hroughout 
the above discussion, as the various headins: have bee® 
considered in detail, may be summarized as ‘ollows for 
the basin of the Merrimac River: 

Deforestation of the basin continued progre::\vely from 
the early settlements until about 1860-1870. and since 
that period forested areas have increased through natural 
causes by 25% or more of the entire basin, 0 twithstand- 
ing the continuance of lumbering operation 

There has been no decrease in precipitation in ” 
basin as a result of deforestation or any increasé with 
the reforestation of 25% »r More of its area The Pre 
cipitation for 50 to 90 years at points with'. the basia 
or within a few miles of its borders shows tc teacits & 
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ae ar no relation to the changes in forest 
voles ¢ 

_ e run-off through the river varies with the 
pone é ver its basin, and the percentage of run- 
ee ition is not appreciably affected by forest 
off 0 Pr cat a8 23% or more of the basin. 

aie » of floods has not been decreased by re- 
aie increased by deforestation. 

— ntio high floods have occurred at intervals 
ae re to forest conditions. Flood heights have 
—_— “3. cased by forestation or increased by defor- 
= ned . the principal characteristics of floods are 
oS . orest changes. The duration of flood stages 
~ qm ont of run-off during such stages have not 
ae adversely by deforestation or beneficially 
aa has not lessened the height of the river 
t ae wa or increased the duration of low-water 
veriods, ani the reforestation of 25% or more of the 
sad has no! had any beneficial effect on low stages of 
sa n stream flow are determined essentially 
yy variations in climatic conditions which move in ir- 
regular cycles independent of forest changes. 

Correct deductions as to climatic variations and as to 
varying cond tions of stream flow may be expected only 


from the analysis of satisfactory records covering periods 
of 60 years or more, and conclusions drawn from records 
extending through 40 years or less may and probably 
will be misleading or incorrect. 

These conclusions are unquestionably correct so far as 
they relate to conditions in the Merrimac basin during 
the past 60 years, and they are in accord with the opin- 
ons of engineers who have become acquainted with the 
hydraulics of the river by professional connection there- 
with through many years of this period. They result 
lone from an analytical examination of the facts as to 
precipitation and river stages that have been brought 
‘ovether for the purposes of this study but that come 
from various independent sources. No consideration 
has been given to any of the various theories and con- 
tentions advanced in the absence of a sufficient record 
of facts, to prove that forests do or do not beneficially 
affect stream flow through their influence on conditions 
as to soil, rate, and time of run-off and other related 
elements of the problem. 

The facts as to the many-sided peculiarities of stream 
flow, in relation to precipitation, as recorded by the river 
itself through its varying stages, are a practical and evi- 
jent verification of theories as to the effects of forests 
and other minor influences, and these theories as a whole 
must stand or fall by the results. The facts brought out 
by this study covering a period of 60 years do not show 
that reforestation to the extent of 25% of the Merrimac 
basin has exerted any beneficial effect upon the flow of 
the river or that the later part of the period of de- 
forestation had any adverse effect thereon. On the con- 
trary there are a number of indications that this refor- 
estation has been coincident with adverse effects on the 
regimen of the river in some of its aspects. The extent 
of these effects and the period of years included in them 
are not, however, sufficient to warrant a definite con- 
clusion at this time that reforestation has been detri- 
mental to the flow of the Merrimac River, and they may 
be either confirmed or obliterated by the records of the 
future. 





An Engineering Study of the Rapid Transit 
Situation in Philadelphia. 

The Pennsylvania State Railroad Commission 
has recently published the report made by Ford, 
Bacon & Davis, of New York City, in the mat- 
ter of complaints against the Philadelphia 
Rap:d Transit Co. In May, 1910, this firm was 
commissioned to study the service and equip- 
ment in Philadelphia to determine whether cer- 
tain complaints which had been made were well 
founded or not. 

The examination was first approached by ob- 
taining from the Philadelphia Rapid Transit Co. 
comprehensive statistics showing the amount 
and character of the physical property and cov- 
ering a record of its operations for several 
years. Similar data were secured, from super- 
visory commissions and street-railway compa- 
nies, for New York, Brooklyn, Boston and 


Chicago. 
From the middle of July, 1910, to February, 
1911, sysematie observations were made of 


traffic and car service in Philadelphia. Detailed 
‘Xaminations of the car equipment itself in 
Philadelph a and in the other cities mentioned 
Were also made. 

The report at hand comprises a series of tabu- 
lations, rn ps and diagrams, together with ex- 


Planatory text and recommendations for im- 
provemen 


The firm reports that the property and service 
of the Philadelphia Rapid Transit Co. compare 
favorably with other large systems, except in 
two essential features upon which, more largely 
than on any other, depends the comfort and con- 
venience of the public. The track construction 
is substantial; the actual track mileage is larger 
than the average for the population served; the 
overhead work is of first class design; the power 
Plants are of adequate capacity and of fair 
economy; and the barn and shop facilities are 
ample. 

However, the car equipment itself is decidedly 
inferior to that in the other large cities noted. 
Moreover, the proportion of rush-hour car service 
to midday service is also considerably less than 
standard practice, although the average of seats 
provided per passenger and average total car 
mileage for the entire day are greater than in 
the average of other cities. The decreased ratio 
mentioned ‘shows unreasonable overcrowding at 
the times of heaviest traffic and lack of economy 
at other times. The recommendations found in 
the report therefore relate largely to improve- 
ments of the rush-hour car service and car 
equipment. 

In addition, it has been found that the present 
routing of cars is poorly arranged, from the 
standards of both public convenience and econo- 
mical operation. The delivery district trackage 
is not accessible to lines from all parts of the 
city. The tracks through the residence districts 
are not uniformly spaced and, on account of the 
original competitive conditions, many lines exist 
on Narrow streets with numerous curves and 
frequent crossings. Messrs. Ford, Bacon & 
Davis give, in their report, a statement of the 
general principles which should be followed in 
this case, and have developed a tentative plan 
of rerouting the lines of the entire city. 

RUSH-HOUR SERVICE.—The traction com- 
pany was found to schedule at present in winter 
about 39% more cars during the evening rush 
hour than on the base schedule in force during 
the middle of the day. In summer the excess is 
about 45%. In the other cities noted, as great 
an increase as 100% over the base schedule is 
operated. This comparison is cited to prove the 
feasibility of doubling the service in Philadelphia 
at times. 

It was found that the Philadelphia prepayment 
cars had a capacity of 38 seated and 3S stand- 
ing; the cross-seat cars had a capacity of 40 
seated and 29 standing, showing that the com- 
fortable standing capacity in general was equal 
to from 60 to 90% of the seating capacity. This 
loading was cited as a reasonable limit to be 
used in computing recommended car movements. 

It was recommended that the company fur- 
nish sufficient rush-hour service to carry the 
traffic with the loading mentioned, and to pre- 
vent periodical overcrowding and bunching of 
cars. It was recommended also that platform 
gates and “full-car’” signs should be used to in- 
crease the speed and regularity of operation. 

The report shows, taking the traffic figures of 
Oct. 5, 1910, as representing an average load- 
ing, that 25% more cars would be required to 
carry the traffic from maximum points of load- 
ing on each line in the busiest half hour of the 
day. This would result in a 14% addition to 
the number of large cars in operation. A total 
of 2,265 cars would be in operation, making nec- 
essary the purchase of 489. If these cars were 
operated at the rush hours, there would be 89% 
more cars in service then than in the middle of 
the day, which is considered within the limits of 
American practice. This additional service is 
estimated to result in additional car mileage of 
11% and an increase of approximately 9% in 
operating expenses. It is believed that more ef- 
ficient scheduling in the non-rush hours and the 
replacement of many small cars by the new 
larger cars, together with the savings of a com- 
prehensive re-routing scheme, would largely off- 
set the additional expense of rush-hour opera- 
tion. It is expected that these changes will 
lead not only to better service for the public, 
but to a considerable increase in the gross earn- 
ings of the company. 

CAR EQUIPMENT.—Two-thirds of the 3,292 
cars owned by the company were found to be of 


the original, small, single-truck type, dating 
back to the original electrification: Of the larger 
double-truck cars, 272 were made by simply splic 
ing in a center section. As a result 70% of the 
equipment is unsuited -to present conditions. 
There were found to be 772 large double-truck 
cars; of these 90% were made into “prepay- 
ment” types, by ripping out the cross seats and 
putting in longitudinal seats of very poor de- 
sign. 

It was recommended that the unsatisfactory 
prepayment cars be changed by enlarging the 
platforms, restoring eight cross using 
higher-backed and more comfortable longitudinal 
seats, providing a simple emergency release fo1 
the air-operated doors, installing straps, rails or 
stanchions, doubling the number of heaters and 
lamps, providing suitable fenders and 
guards, etc. 

The following description of the new standard 
car proposed is given in the report 


seats, 


wheel 


NEW STANDARD SURFACE CAR.—It is assumed that 
the new standard car for Philadelphia will be a two 
motor, prepayment car with windows capable of large 
opening, which would make it suitable for both sua.mer 
and winter operation. If the body is 28 ft. long with 


platforms 5 ft. 6 ins. long (inside), mounted on reversed, 
center-bearing, maximum-traction trucks, the overhang 
of car without projecting fender when operated on the 
standard track curve at 50-ft. street intersections wouid 


be approximately the same as the bumper on the present 
“‘pay-within’’ car, and about 1S ins. less than the over 
hang of the fender on the present car Consequently 
the length of body might be 30 ft. if found desirable, or 
even longer if operated on some lines For the pur 
poses of this report we have assumed the use of a ZS-it 
cross-seat Car as generally practicabie, with seating and 
Standing capacity of 76 passengers on the basis recom 
mended. 

This, for a car 8 ft. 4 ins. wide with skeleton sides 
and 34-in. seats, would permit of an aisie ZS ins. wide 
With exits from both rear and front platforms, and 
with the recommended limit of car load, this width of 
aisle should be found practicable from an operating 
standpoint. 

Our recommendations upon the points of design es- 
peciaily affecting the traveling public, are as follows: 

The height of the step should be from 14 to 15 ia» 
and the width of step at least 11 ins. The step should 
be folding or protected and should have safety tread. 

The folding platform doors should be mechanically 
operated by motorman or conductor and shouid be kept 
closed while the car is in motion. The bulkheads should 
be open and all passageways should be at least 25 ins. in 
the clear. The conductor should be located on the rea: 
platform behind a suitable rail or steadying device. 

The seats and backs should be of spring raitan, of 
comfortable height and properly sloped. 

The vestibule windows should be given full opening. 
Monitors should be fixed shut and there should be pro 
vided with sufficient roof, or monitor, automatic vexti- 
lators. 

There should be installed 16 electric heaters of a total) 
rated capacity of 12 amps. Twenty 16-cp. incandegcent 
lamps should be used; 15 inside the car arranged in 
single sockets on the ceiling and lower decks, one on each 
platform, two for destination signs anl one for headlight 

There should be a passengers’ push-button signa! on 
each side post of car with electric bell or buzzer en 
platforms. 

Mechanical sanders and automatic wheel guards should 
be installed. Draw-heads should not project beyond 
bumpers. 


- mE 


The Locomotive Works of the London & North- 
western Ry. at Crewe, England, have just turned 
out their 5,000th engine, which is appropriately 
named “Coronation.” It is of the 4-4-0 type, with 
coupled wheels 6 ft. 9 ins. in diameter. The cy- 
linders, which are placed inside the frames, have 
a bore of 20% ins. and a stroke of 26 ins., and 
the boiler, 5 ft. 2 ins. in diameter and 11 ft. 9% 
ins. long, is designed for a working pressure of 
175 lbs. per sq. in. The total heating surface is 
1,849.65 sq. ft., of which 1,004.96 sq. ft. are ac- 
counted for by 168 tubes of 1% ins. external dia- 
meter, 380.44 sq. ft. by 24 tubes, 5 ins. in diameter, 
161.75 sq. ft. by the fire box and 302.5 sq. ft. by 24 
sets of superheater tubes. The total weight, of 
the engine in working order is 59 tons 17 cwt., or 
99 tons 2 cwt., inclusive of the tender, which has 
a weight of 39 tons 5 cwt., and holds 3,000 gallons 
of water and seven tons of coal. 

By way of contrast it may be mentioned that 
the first engines made at Crewe were of the 2-4-0 
type, weighing about 19% tons, and with outside 
eplandere measuring 15 ins. by 20 ins. Those in- 
tended for passenger work had coupled wheels 5 
ft. 6 ins. or 6 ft. in diameter, while the goods en- 
gines had 5-ft. wheels. The Crewe works were 
established by the Grand Junction Ry. in 1843, 
three years before it was combined with the Lon- 
don & Birmingham and the Manchester & Bir- 
mingham companies to form the London & North- 
western.—London “Times,” June 238. 
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Novel Methods in the Brooklyn Feurth Subsarface Structures. left in place to form the sheeting “a 
. SEWER DIVERSION.—After a study of the galleries which were to be built adj, s oe 
Ave. Subwa t , adj sa 
Ci y Construction, New York conditions, it was decided that the first thing to subway as part of the contract; 1) : ler 
ity: Section 11-A-3. be done was to rebuild the sewers, providing also served to help support the temp sae “yy 
By 8S. P. BROWN,* M. Am. Soc. C. B. special catchbasins to intercept the water on the way and to aid in excavating for | a a 
The portion of the so-called Fourth Avenue up-hill side of the subway cut. Large inter- in water pipes, ducts, etc. * eal 
tapid Transit Subway in Brooklyn which is ceptor sewers were therefore built in the east PIPES AND DUCTS.—A special « - é 
now under construction extends from the Brook- sidewalk, with depressed crossings under the made with the Water Department es 
lyn end of the Manhattan Bridge along the Flat- subway at 12th and 26th Sts. This not only took the firm was to install certain W hr. 
bush Avenue extension, Fulton St. Ashland care of the floods which otherwise would have drants, gates and connections fu; ed 
Place and Fourth Ave. to 43d St. Eventually washed into the cut, but also cut out all sewers the city, in return for which wwe 
the subway will be extended, one branch con- crossing Fourth Ave. above the excavation pipes crossing Fourth Ave. were « ntinued 
tinuing along Fourth Ave. to Fort Hamilton and grade of the subway. The small west-side sew- during construction and the city w 0 | 
another branch turning off Fourth Ave. at 40th ers were built after the main excavation had ihe firm 1,400 lin. ft. of each size of ! 
Vehicular Travel ; 
confined to this nate - weeks 
Side of Street De me Street Surface cS eel Se AM 3 be tar Street Surfa | 
OUI, LX ZW | 
~. F a, a lemporary Single B | 
{Track re, rons denied “a 
Double Tracks ic | : 
£ Removed | Inside of * | 
3 ys Roof Slab Sandbag 2 
Old Sewer, \ \\ BS BRR eS RR ee i Re | , 
69° x 86 Vy g 
Vy Comer } ‘ 
mi rong bor tt So Removed Old po oo =f, -—I 
: Hh le Old Timber Foundatiory Rubble Old Timber foundation Old Timber Founda! 
18t Operation. ~ 229 Operation. 34 Operation. 4th Operation. 
Removal of Car-tracks to Side of Trench Placing of Concrete Side Walls of Ne Placing of Cofferdam and Sand-bag Dams\ \Completion of Sewer Section. oof Slab 
Completion of Full Section of Excavation Sewer. Removal of Arch of Old Sewer. { \to confine Flow fo One Side. Joining New (+ in Place. Trench Back Filled. Trac replaced 
and Old Invert Sections . Surface Restored. | 


FIG. 1. 


St. to Coney Island. The general type of struc- 
ture used is shown by the cross-section Fig. 4 
herewith. 

The first section, extend'ng from the Manhat- 
tan Bridge to Willoughby St., is being con- 
structed by Smith, Scott & Co., of St. Louis, 
Mo. In this section there were neither surface 
nor subsurface structures of any consequence to 
contend with, except at cross streets, so that 
the excavation is being made largely by scraper 
bucket. 

The next two sections, extending to Sackett 
St. on Fourth Ave., are being constructed by 





RECONSTRUCTION OF THIRD AVE. 








SEWER NEAR 26TH ST., IN CONNECTION WITH FOURTH AVE. SUBWAY CONSTRUCTION. 


commenced. The off-line sewers were sublet to 
the Donegan-Redmond Co., of Brooklyn. 

The most interesting sewer work was that on 
Third Ave. (a block west of the subway), be- 
tween 26th and 27th Sts. Here the old sewer 
had to be enlarged to accommodate the flow from 
the southern interceptor sewer on Fourth Ave., 
which was to discharge into Third Ave. at 26th 
St. instead of at 27th St. as formerly. The prin- 
cipal difficulties encountered here were the heavy 
vehicular traffic, a double-track trolley line, and 
the usual subsurface structures, as well as a 
normal dry-weather flow that nearly half filled 


then running along the avenue. All Jongitudin 
water pipes were, therefore, taken ip and re- 
laid in the sidewalks, in the permanent pos. 
tions they were to occupy in the pip galleries 
which were to be built around them later, Sy 
then, however, the pipe galleries hay f 
abandoned entirely, though not until this pipe 
work had been completed. 

All but three gas pipes crossing the avenve 
were also discontinued, and steel pipes were 
temporarily laid in the sidewalks to replace the 
longitud:nal pipes. Where the three high- 
Sure mains crossing Fourth Ave. had to be main- 














William Bradley, of New York. Here cableways the old sewer; all of which had to be maintained. tained, heavy masts were erected on each side 
ure principally used for handling the excavation, It was finally decided to build the new sewer of the avenue and steel pipes suspended about 
which is loaded into buckets by hand and hauled around the old one, using the old invert, which 20 ft. above the street grade by steel cables A 


away in trucks. Gravity concrete mixers are 


used and the concrete is 





was found to be in excellent condition, as part 


anchored back in the cross-streets. 
The electric underground cables were 





. ‘ West ° 
distributed by teams as 00 t. ferred to permanent ducts in the west sidewalk = 
desired along the street. after being temporarily suspended from the fence = 
Here the reinforced Bere bee along the side of the cut. These cables carried 
concrete section of the le bas eS CS t ey ata ee the light and power for Coney Island at 6,6) = 
subway has largely been g \ volts. 
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changed to a _ structural Ducts"4, 








Telephone, telegraph, fire-alarm and elec- 
tric lighting wires on overhead circuits were 








: fem : : Il? Water ‘ 

atest section, af, ne m- ie" Sewer 2° Gut either permanently removed from Fourth Ave. or ps 

stance of the contractor. : carried temporarily on poles on the fence line us 

These sections, being in EG it, Base of;)\ Rail {42 Cut Vi;4 snails of the cut. Cross cables were suspended over 7 

deep cuts through wet aeapaenmanAatdetaa i / mead. 

ground and with many ee 604 > iil 

variations in line and FIG. 2. DIAGRAM SHOWING SEQUENCE OF STEAM-SHOVEL CUTS, rgea ree \ 

grade, form a difficult TIDE-WATER—BRYSON SECTION OF FOURTH AVE. SUBWAY. ee Oe 

piece of construction thoroughfare for traffic at all times, and at the ; 
The fourth and sixth sections (11-A-2 and of the invert of the new sewer; see Fig. 1. With me time provides access i all property, a tem , 
11-A-4) extending from Sackett St. to between this in view, the old sewer was uncovered and P0°Frary wooden roadway 12% ft. wide was con- tt 

%h and 10th Sts. and from between 27th and sheeting was driven 2 ft. outside the old walls. re ane h 


28th Sts. to 43d St., are being bu‘lt by the E. E. 
Smith Contracting Co., of Philadelphia. Here 
movable derricks are used which dump buckets, 
loaded by hand, into trucks on the surface. The 
concrete is mixed by several movable mixers of 
various types, from which the concrete is dis- 
charged down chutes from the street surface to 
the forms below. 


The fifth section (11-A-3), extending along 


The old footings were broken off in a reversed 
corbel and the new footings were bonded into 
them and spread out a foot under the toe of the 
sheeting. New concrete walls, 2 ft. thick, were 
carried up on these footings to the roof grade of 
the new sewer. Then the old sewer was broken 
out. A longitudinal cofferdam being now built 
down the center of the old invert, the flow was 
diverted first from one side and then from the 
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Fourth Ave., between 10th and 27th Sts., which other, and the bottom where the old walls were S ¥ 
is being built by the Tide-Water Building Co. broken down was pointed off to give a smooth 2 ca" Y 
and Thomas B. Bryson, of New York, is the invert throughout. After this, the placing of ts is, 
section particularly considered in this article. the roof was a simple matter. 3 fj 3/ 


Section 11-A-3 is largely in high ground, con- 
sisting of loam, sand, gravel and boulders. The 
avenue is 120 ft. wide between building lines, 
with a 20-ft. parkway in the center and 25-ft. 
sidewalks. It runs along the side hill between 
Prospect Park and the Gowanus Canal, cutting 
cross-streets that have a very steep grade and 
a correspondingly heavy runoff in times of severe 
rains. 


*Chief Engineer, Tide-Water Bldg. Co. & Thos B. Bry- 
son; 641 Fourth Ave., Brooklyn, New York City. 





By this method, in spite of the large flow to be 
maintained, the only opening in the street was 
a trench of the actual width of the new sewer. 
As a cableway was used, the contractor’s trucks 
did not encumber the narrow passage, and com- 
paratively little inconvenience was caused to 
the public. One side of Third Ave. was given 
over to the street-car company and the other 
was devoted to vehicular traffic. 

In the case of the Fourth Ave. sewers, the 
sheeting on one side of the sewer trench was 
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Fig. 3. Progress of Sxcavation in Tic» Water 
Bryson Contract: Expected and A ‘ual 
Excavation. 
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sail each side of the avenue. This was side of the roadway, leaving a 12%-ft. drive, 

» . the subsurface structures were being and an 8-ft. board fence was built continuously 

es around each block. At the cross streets this 

ai h side of the avenue was driven a_ fence was left 2 ft. lower than elsewhere, the 
Bx ien piles spaced 5 to 7 ft. apart and top being pieced out with chicken wire, so that 

i 2 =. out from the curb, the piles coming teams approaching a bridge could avoid col- 

apy the neat line of the subway. Al- lisions. The view Fig. 9 shows the appearance 
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a very steep slope he subgrad f su 
Way proper Thus no sheeting was } i 
the subway cut until after the steam shovel was 
finished, the only timbering used prior to 
time ing for bridges at the cross Str s 1d 
the 10 10-in. rakers along tt sides ‘ 
cut used to reinforce the temporary lway 
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rm though a great mumber of these piles were of the roadway and fence when excavation was There was no settlement in the buildings along 
roken and broomed in driving (as described practically complete. the sides of the cut, and, as all work was con- 
n Eng-neering News of Feb. 23, 1911), they an- All of these alterations were preliminary to fined inside the fences around the job, there was 
k swered their purpose satisfactorily, supporting the main subway job, the excavation for which the least possible inconvenience to the publi 
h porary roadway without an accident un- was not started until nearly the first of May, Figs. 7 to 9 illustrate the shovel work 
é steam shovel had passed and 10 x 10-in. 1910. With this preliminary work done, how- The excavation was handled from the steam 
6M) could be placed which acted both as a_ ever, the avenue was left entirely free from sub- shovel in 4-yd. side-dump Continental cars 
ie support and restrained any tendency of the surface obstructions, thus allowing the use of a hauled by 20-ton 36-in. gage American locomo- 
rere roadway to move toward the cut. The piles were steam shovel. tives. These trains were dumped on scows from 
r capped with 12 x 12-in. long-leaf yellow pine an elevated tipple on the firm’s dock at 19th 
ine timber, which supported the outer ends of 3 x Excavation and Invert Concreting. St. and Gowanus Canal, the track being laid 
ai i0-in. floor joists 14 ft. long, spaced 12 ins. c. to STEAM-SHOVEL EXCAVATION.—A Model from the job on Fourth Ave. directly down 19th 
The rear end of these joists rested on a 6 x 8- 60 (70-ton) Marion steam shovel with a 2%-cu. St. to the water. This tipple was built with 
n. stringer which was fastened to the sewer yd. dipper was used on the main excavation and an overhang (see view Fig. 11), so that the 
sheeting. ’ was the principal feature on this portion of the trains stood 10 ft. outside the stringpiece of the 
F The roadway floor consists of one layer of 3-in. work. The excavation taken out by the steam dock when dumping. An apron threw the mate- 
W pine covered with a wearing surface of shovel was made in four cuts, as shown in Fig. rial into the center of the boat, thus avoiding 
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beech dnd maple. Experience has proved 
beech and maple wear better than oak, 
hickory, pine or spruce, and the cost is very 


which totalled about 85% of the Subway and 
50% of the pipe-gallery excdtation. The banks 
sloped from near the top of the sewer sheeting 
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; z little greater than the latter when bought in to a point at the subgrade of the pipe galleries 
—¥ quantities Guard timbers were placed on each on the outside line of the subway and thence at 
& Bs Us 
q 12x12 Pile Cap 
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CONCRETE OF SIDE-WALL FOOTINGS; TIDE-WATER—BRYSON SECTION OF 


the necessity of trimming scows. While a part 
of this spoil was used in reclamation, the bulk 
was dumped at sea, all spoil being handled by 
the Moran Towing & Transportation Co., of New 
York. 
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wilt 
sheeting and leaving no timber in the vidi 
the bridges at cross streets and the | 10-in 
rakers under the side roadways. \ o 
bank was unusually high, extra hea\ etin 
was used and a supplementary brace ed 2 
re tween the quarter-wall footing and anit 
wall. oa 
gta] The bottom concrete is placed by Ans of 
Chain Hoist ins of 
< specially designed side-dump cars hold. z 2 
ta a Truss Rods used N yds., so arranged that they shoot the oncrote 
‘ ae <<. when moving \ directly into the footing forms and tr slabs 
For the bench walls 1-yd. Lockwood waite 
buckets are handled by a@ crane an. wooden 
| Details of panel forms are used. 
1% Boltand Wheel Carriage 
Separator and Jack. Wall and Roof Concreting. 
palatiuat i The main concrete work consists o lilding 
i SEE the center wall, quarter walls, out Walls 
oaiditk aah - (above the bench walls), and the r This 
. is all done in one operation by the us: large 


(Fig. 6) are built in short sections ted t 


t0- 


a a ' ~ traveling steel forms, patented and b by the 
: Blaw Collapsible Steel Centering Co., Pitts. 
FIG. 6. COLLAPSIBLE STEEL FORMS USED FOR burg, Pa., who also collaborated with ‘he con. 
tractor in their design. 

CONCRETING WALLS AND ROOF OF SUBWAY. STEEL FORMS.—The steel travel forme 


























gether, each section being 5 ft. long ind com. 

plete in itself, weighing about 8,000 Ibs., or 1,600 

With this method of excavation very rapid C@vation along the sides of the cut and set the bs. per foot of single tube. Eight of these sec. 
progress was attained, at a low cost. For in- sheeting, which extended from the subgrade of tions are bolted together to make up a 4(-f spl 
stance, during July and August, 1910, over 100,- the pipe galleries to the subgrade of the sub- length of form, which is the standard length now wa 
000 cu. yds. (place measurement) was excavated, WAY. This sheeting was braced from the quar- in use, although at times 80-ft. sections have sid 
which amount the Public Service Commission’s ter-wall footings to two rangers, one about 18 been used. While the forms for each tube are su 
engineers had estimated would require about six ins. and the other about 10 ft. above subgrade. built and moved separately, when set up ready ve 
months by former subway methods. The shovel (See Fig. 5.) for concrete all four tubes are bolted together ve 
was started about May 1, 1910, and finished its As fast as the sheeting was set, the concrete every five feet by two 1%-in. bolts 17 ins. long, ple 
work about Dec. 1, 1910. The excavation prog- for the outside or local track slabs, duct benches inclosed in 2-in. pipe separators. In this way no wl 
ress diagram, Fig. 3, is interesting as showing and outside wall footings was placed and the lower timber bracing is required to support the forms f 

the high rate of progress attained. rangers and braces were removed (Fig. 10). The except against the outside walls, where there is 

SHEETING AND BOTTOM CONCRETE.— next operations were: placing hollow tile against nothing to bolt to, of course. This permits the 


After the shovel had finished its fourth cut, the sheeting, setting up the side-wall reinforce- two express tracks to be kept open to traffic at 
bringing the excavation to grade in all but the ment, and laying the electrical conduits (con- all times. 


outside corners, the concrete footings from the sisting of 10 four-way ducts on each side of the The forms are built of 3/16-in. mild steel plates 
center wall, the two quarter (intermediate) walls tunnel). Finally the bench and side walls were stiffened by 8-in. and 10-in. channels and heavy 
and the floor slabs of the two express (center) concreted up to the top sheeting ranger and angles and Z-bars (sce Fig. 6). The top panels, 
tracks were put in. Brown-Hoist locomotive these rangers and braces removed, making the which form the roof and haunches, are hinged to 
cranes were then used to trim up the final ex- bench walls act as retaining walls to support the the 10-in. cross channels about 18 ins. below the 











Fig. 7. Steam-Shovel-Mak-- Fig. . 10. - Side-Wall 
ing First Cut. Footing and Duct 
j Work. (Unsheeted 


in Right Back-" 
ground). 
Fig. 8. Steam-Shovel in 


Third Cut. Fig. 9. Shovel Exca- 
vation Completed. 


FIGS. 7-10. EXCAVATION AND FOOTING-CONCRETE OPERATIONS ON TIDE-WATER—BRYSON SECTION OF FOURTH AVE. SUBWA’. 
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matically. Conversely, 
when the roof panels are 
raised to their proper po- 
sition, the tops of the side 
panels are automatically 
set to their proper line 
and dimension. Thus a 
single strut between the 
cross channels and the 
roof panels absolutely 
fixes and braces the en- 
urre upper portion of the 
torms. An opening about 
3 ins. wide is left down 
the center of each tube 
between the roof panels 
to allow clearance in 
Siacking, and this is 
covered by a steel plate 
6 x \-in. x 5 ft. long 
which is held in position 
by a little wooden block 
tacked to each end 
and dropped into the 3- 
in. slot. 





FIG. 11 
LOAD SCOWS CENTRALLY. 


spring of the haunch and close enough to the 
lls to insure a clear draft at the upper out- 
side corners when slacking. The hinge pins are 
supported by slotted gusset plates riveted to the 
vertical rib channels of the side panels. These 
al channels are also linked to the hinge 
plates about 12 ins. above the hinge pins so that, 
when the roof panels are slacked down, the tops 
f the side panels are drawn in 3 ins. auto- 


walls 


Conereting in Progress: Locomotive Crane 
ering Concrete Buckets to Hopper. 


Concreting in Progress; Chutes Dis- 
uting Concrete on Top-.of Forms. 


Fig. 14. Collapsing a Section of Form to Draw Out 


DUMPING FROM TRESTLE CANTILEVERED OVER DOCK TO 


The roof panels are 
raised and lowered by 
Yale & Towne chain 
hoists, four to each 40 ft. 
single tube form. These chain hoists, by means 
of a large sheave wheel, turn a longitudinal 
shaft, on each side of the tube, supported by the 
cross channels and running the entire length of 
the form. Between each pair of cross channels 
is a spool on which two %-in. plow steel cables 
are wound. These cables, running over idlers, 
are attached to swinging arms by which the 
roof panels are raised and lowered. 


of Finished Work. 


109 


In the side panels the spacing bolts are placed 
close to the vertical channels 
and 7 ft., respectively, above 
forms. Hand-holes are built into the panels 
immediately above each bolt hole. At the foot 
of each 5-ft. section a 14-in. double-flanged wheel 
is placed in a heavy steel frame, which is given 
a vertical adjustment by means of a jack rigidly 
attached to the side panel. Very heavy axles are 
used in these wheels; they are of such length 
that the wheel has a lateral play of 3 ins. By 
this means the bottom edges of the are 
drawn in when the forms are slacked and any 
necessary lateral adjustment is allowed for in 
setting. The wheels run on a 60-lb. rail, riveted 
to a heavy angle which fits over the corner of 
the wall footings. 

After a section of concrete has set, the spacing 
bolts of the forms are taken out, the 
slacked (Fig. 14), and crossed truss-rods 
turnbuckles put in and tightened 
across the tubes to hold the forms from rocking 
while being moved. A locomotive then 
them ahead, one tube at a time. 

The wall reinforcing steel and passage 
forms are all set in advance, so that when the 
steel forms are moved ahead the remaining rein- 
forcement consists of roof rods or beams 
(Fig. 16). With this system, the time lost in 
moving and setting forms is reduced to a mini- 
mum and little skilled labor is required. 

PLACING CONCRETE.—The 
brought from the mixing plant, which is cen- 
trally located, in 2-yd. Lockwood automatic 
buckets. These buckets are operated by the man 
on the crane who hoists them, 
creasing the speed of placing. 


and 
the 


about 6 ins 
base of the 


forms 


forms 
with 
up diagonally 


draws 


cross 


only 


crete is 


thus greatly in- 
The buckets are 


dumped into an elevated hopper standing on and 





Fig. 16. Placing Reinforcing Rods over the Forms. 
Fig. 15. Two Sections of Form in Second 


Position. 


GS 12-16 CONCRETING OPERATIONS WITH COLLAPSIBLE STEEL FORMS; TIDE-WATER—BRYSON SECTION OF FOURTH AVE, 


SUBWAY, BROOKLYN. 
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12 ft. above the top of the forms (Fig. 12). The 
concrete runs by gravity from the hopper down 
an inclined chute (Fig. 13), which in the case of 
a 40-ft. section reaches to the finished arch last 
completed and has trap doors in its bottom 
through which the concrete can be dis- 
charged at any point along its length. The 
chute is pivoted at the hopper and has 
a wheel at its far end, so that it can 
be swung from side to side of the arch at 
will. Still further flexibility is gained by the 
use of light metal chutes that convey the con- 
crete from the trapdoors in the main chute to 
any point of the arch desired. These metal 
chutes, are also used to extend the main chute 
when an 80-ft. arch is being concreted. 

Under th's procedure, with a 1-yd. Ransome 
mixer, a 40-ft. section of complete four-track 
subway, above the benches, is concreted in about 
six hours. Such a section contains from 300 to 
250 cu. yds. In the case of the last 40-ft. sec- 
tion concreted at this writing, containing 305 
cu. yds., 5% hours elapsed from the time that 
the mixer was started to the time that the last 
bucket of concrete was placed. 

In the stations (at Prospect Ave. and at 25th 
St.), where structural-steel framing is used 
instead of steel rod reinforcement, the large 
steel forms are used with additional col- 
lapsible wooden forms for jack arches, side walls 
and roof extensions over the platforms. Here the 
locomotive crane stands on top of the steel work 
and hoists through the beams. 

CONCRETE PLANT.—The concrete material, 
as well as most of the other material for’ con- 
struction, is received at the firm’s dock at 19th 
St. and Gowanus Canal, where a Brown-Hoist 
locomotive crane handles the sand, gravel, steel 
and heavy materials. The gravel and sand are 
unloaded with a clamshell bucket into overhead 
bins from which 4-yd. side-dump cars are loaded 
through swinging gates. The cement house at 
the dock is divided into halves by a loading 
track, each half accommodating 15,000 bags of 
cement. Giant and Edison cement are used, each 
being kept separate to its own half of the cement 
house. 

The concrete-mixing plant is located at the 
corner of 19th St. and Fourth Ave. The sand 
and gravel cars come in at the street grade over 
depressed pins which form the main storage sup- 
ply for the mixer. The sand bin holds 1,000 cu. 
yds. and the gravel bin 2,000 cu. yds. Below the 
material bins two Jeffrey belt conveyors carry 
the sand and gravel to a belt and bucket eleva- 
tor which raises the materials to small bins over 
the mixer, holding 100 cu. yds. of gravel and 50 
cu. yds. of sand. From these bins, the sand 
and gravel run by gravity to the measuring 
hoppers, where the cement and water are added, 
and from which the gross aggregate passes 
through a Ransome l1-yd. mixer into buckets or 
ears on either of two parallel tracks under- 
neath, at about the subway grade. The cement 
comes in on the sand and gravel tracks and is 
unloaded by hand at the mixer, there being stor- 
age for about 2,000 bags on the mixer platform. 

While in operation, this mixing plant turns 
out on an average about 50 cu. yds. of 1:2%:4% 
concrete an hour, measured in place, a five-bag 
batch being slightly less than a yard. 

HEATING.—In cold weather live steam is used 
in the large bins to break up the lumps, and 
coils in the small bins take the frost out of the 
sand and gravel on their way to the mixer. The 
greatest good, however, is done by heating the 
water. The exhaust from the heating coils in 
the small bins is discharged into a water tank 
on top of the mixing plant through a perforated 
pipe, heating the water to about 120° F. This 
arrangement produces concrete at from 50° to 
70° F. in the coldest weather. 

When concreting, canvas curtains are hung at 
each end of each tube from the steel forms, com- 
pletely stopping any circulation of air. Large 
salamanders charged with coke are kept burning 
in these chambers during concreting and for 
some time afterward, so that the concrete may 
be kept warm while it is setting. The top is 
covered with salt hay, and in very severe 
weather a large canvas tarpaulin is drawn over 


the whole thing. Under this system concreting 
is carried on successfully when the outside tem- 
perature is down in the neighborhood of zero. 

SYSTEMATIZATION.—In the printed forms 
used for foremen’s reports, storehouse requisi- 
tions, discharge slips and the like, nothing un- 
usual has been attempted. The storehouse and 
tool accounts are kept in card form. The pay 
sheet is regular, with special columns to show 
the denomination of currency going into each 
envelope and to be drawn from the bank. Card- 
board pay checks are used, signed by the chief 
timekeeper, dated for each pay and punched by 
the particular timekeeper who gives them out. 
A new ticket is issued for each pay, the old 
check forming a receipt for pay received. The 
men are numbered according to position held 
and the class of work upon which they are em- 
ployed, the key numbers being the same as those 
used in distributing labor and bills. Daily cost 
d‘stribution cards for labor on concrete and ex- 
cavation, and force account cards showing the 
distribution of labor and rates in each gang, form 
a useful record, both from day to day and as a 
permanent file. 

CONCLUSION.—The methods employed in the 
construction of Section 11-A-3, while unusual in 
city subway construction, would not excite par- 
ticular comment on railroad work in the coun- 
try, nor could they have been developed under 
different physical surroundings. They represent 
more a logical development governed by local 
conditions than a radical change in accepted 
subway traditions. Had cross timbering in the 
cut been necessary, the entire plan of construc- 
tion would have been different. 

The work is being done for the City of New 
York under the Public Service Commission for 
the First District: Alfred Craven, Acting Chief 
Engineer; Frederick C. Noble, Division Engineer; 
H. L. Oestreich, Sen. Asst. Division Engineer; 
Geo. Murgatroid, Engineer in the Field; L. D. 
Fouquet, Engineer, and Joseph L. Hunt, Asst. 
Engineer of the Sewer Division. 

For the Tide-Water Building Company and T. 
B. Bryson, Robert Eldredge is General Superin- 
tendent, C. T. Wilson is Assistant Engineer and 
the writer is Chief Engineer. 


The Preservation of Trestle Stringers and 
Caps by Means of Housing.* 


By HUNTER McDONALD,+ M. Am. Soc. C. E. 


In 1893 the writer had charge of the renewal of a num- 
ber of combination spans which had been in service about 
20 years. The main and second braces and top chords 
were of yellow pine, and since their original construction 
all had been carefully covered with weatherboarding on 
the sides and tin on the tops, the latter carefully fas- 
tened to sheathing, with air space beneath, and soldered. 
All of the timber upon removal was found to be sound, 
and was used again for trestle stringers. 

The value of such protection had been previously ob- 
served, and in 1887 the plan of protecting intermediate 
sills on double-deck trestles with sheets of galvanized 
iron was adopted. The sheets extended about 3 ins. over 
the sides and 6 ins. over the ends, and the posts of the 
upper section were held in place by allowing the drift 
bolts, passing through the cap into the posts below, to 
extend about 6 ins. above the cap, through the galva- 
nized iron protection and into the feet of the upper 
section posts. In a number of instances the top’ caps 
were similarly protected about the same time. 

The intermediate caps were found to be sound in 1906 
when the trestles were filled. The top caps, although the 
housing had not been well maintained and the stringers 
rested directly on the galvanized iron, with drift bolts 
through it, did not require renewal until 1908. 

About 1900 the writer had occasion to notice a large 
pile of stringers which had been removed from the tres- 
tles on the Cincinnati Southern R. R. These stringers 
were put in place about 1879, and had been protected 
with galvanized iron according to the @esigns of Mr. 
G. Bouscaren, Chief Engineer. The ties rested directly 
on the stringers, holes being made at frequent intervals 
in the galvanized iron in order to confine the ties to po- 
sition. Col. G. B. Nicholson, Chief Engineer of the Cin- 
cinnati Southern R. R., was present with the writer at 
the time these stringers were examined and told him that 
the galvanized iron had not been carefully removed as 
it rusted out, nor had any great effort been made to 
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*Portion of a paper read before the Engineering Asso- 


ciation of the South, Jan. 16, 1911. 
¢#Chief Engineer, Nashville, Chattanooga & St. Louis 
Ry., Nashville, Tenn. 


keep it from creeping or leaking. Trestles 
still covered were examined, and Many leak 
the iron and many sheets found out of pos 
condition of the stringers removed showed 
preservation, rot occurring only in local S| 
bolt holes—and at points where the protectio 
improperly maintained. This examination co: 
writer that, whether the galvanized iron w 
maintained or not, the results obtained fy 
its use, and since 1900 stringers and cap 
newed on the lines under his charge have }. 
tected. 
At that time the standard trestle consisted 
16-in. stringers on each side, packed 1 in. t 
pair being spaced 6 ft. apart on the inside. chords 
were confined to the caps by what was « “step 
bolts"—that. is, drift bolts driven slanting) :hroue, 
their sides into the caps. The ties were 8 x - ns , 9 
ft. 10 ins., and each was doweled to the cho: sy x. 
5-in. dowels, two dowels to each tie passing : aie 
nate members of the chord on each side. [os wor 
bored into the tie and the dowels driven in 4 tigh; 
fit, the corresponding holes in the stringer teing 
loose fit. The guard rail was directly over ; outside 
member of the chord. Two bolts to each spa. on each 
side passed through guard rail, tie, and strin..; 
The galvanized iron was applied to the in the 
manner already described, and that on the sir ngers by 
jacking up the ties, the dowels following them nserting 
the iron under them and lowering them azain. The 
weight of the ties caused the dowels to perforate the 
sheet iron and settle snugly to place after a s) ght blow 
with a hammer. It was supposed that the dowels ang 
guard-rail bolts would confine the iron pern 
position, but subsequent observation showed tha 
at many points crept, always outward, no matter whether 
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Fig. 1. Detail of Line-Brace Casting for Wooden 
Trestles Used on Nashville, Chattanooga & St. 
Louis Ry. 
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Fig. 2. Application of Casting Shown in Fig. 1. 


When it becomes necessary to line stringers, pul! track 
spikes out Of cap then shift stringers to desired position 
and redrive spikes through most favorable holes 

Clean sand out of holes in castings thoroughly before 
driving spikes. 


on sharply elevated trestles or not. The creeping was 
very slow, and slots were torn in the iron by every 
dowel and bolt. Careful observations were maie with 4 
view of determining the cause of this creeping, but 0 
far the exact cause has not been ascertained. No doubt 
it is due to different causes at different points. There 
are many trestles on which no creeping occurs, others 
where isolated sh@ets are found to creep, ani others 
where nearly all the sheets creep. It is believed to be 
generally due to imperfect bearing of the ties on the 
stringers, longitudinal vibration of the struciure, and 
vertical movement of stringers on the caps or caps 00 
the piles. The problem of remedying this, and also the 
leaking of water through the dowel and bolt bo'es, has 
been continuously studied, with the result ‘hat the 
method of housing hereafter described has bee adopted 
and has been found to be almost entirely scessful, 
both as to leaking and creeping. 

To dispense with the drift bolts through the ©'ringer 
into the caps, which are not only destructiv ‘° the 
timber, but cause much expense in adjustmen! ‘or line 
and surface, a malleable casting, called a ‘| 12-Drace 
casting,” has been devised. Its form and meth ' of & 
plication are shown on*acgompanying sketche Figs. | 
and 2). 
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The brace casting serves as a packing ring, and 
also 2 anchor for the chord to the cap. The chord 
membé are packed only 1 in. apart to prevent the 
nesting | sparrows between them. 

The f holes in the bottom part of the casting admit 
of fin ustment and shimming where necessary, new 
wood which to drive the anchoring spike being al- 
ways ¢ able. This device has been found after long 
test entirely effective, even where heavy floods 
have topped the trestle and deposited driftwood 
agains 1 under it. 

The ring of the cap, instead of being continuous 
over t ntire length as formerly, is made in three 
pieces s be'ng turned up on the sides of the chords 
under the overhanging sheet-metal chord cover. Fig. 3 
shows present standard open-deck trestle, and Fig. 4 
the det of housing. These covers,are fastened to the 
cap by ling through strips of galvanized iron riveted 
to the underside of each cover piece at four points. This 
arrangers nt permits direct bearing of the stringers on 


the caps and ready removal of sheets for the purpose 
of adjuctment. In place of two, the plans show three 
stringers on each side, which is now the standard on 
lines of heavy traffic. The addition of the third mem- 
ber to each chord was begun in 1905, and the iron ap- 
plied in 1900 was found in many cases to be rusted out. 
The timb«r underneath the iron was found in as good 
condition as when covered in all cases where protect:on 
hid been placed over new timber; but where timber 
had already been in place a few years before being cov- 
ered the rotting begun in the open was found to con- 
tinue under the cover. Upon removal of the covering 
all chord members beginning to show decay are marked 
with white paint on the underside and all deiective 
covering replaced. 

In the present plan the dowels are driven to a tight 
fit into the stringer instead of the tie, thus perforating 
the sheet iron upward instead of downward. Be‘ore 
driving the dowels the holes are filled with creosote, 
which is allowed to soak in. It was found necessary, 
in order to secure perfectly cut holes in the iron, to cut 
the upper end of the dowel in a lathe instead of by 
shearing. 

After many experiments to determine the best way to 
prevent leaking through the dowel holes, it was found 
that this leaking was generally due to the churning of 
the ties and to capillarity, and that shearing the dowels 
was sufficient. 
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Fig. 3. Section of Timber Trestle with Protected 
Caps and Stringers. 
(Showing also bulkhead for 20-ft. bank.) 


The plan now in use is to bore, with an extension bit, 
a recess in the bottom of the tie concentric with the 
dowel hole 4-in. deep and 2 ins. in diameter. Before 
putting the sheet iron on the stringers cut washers 1% 
ins. In diameter are dropped over each dowel in the 
stringer. When the sheet iron is settled home by the 
weight of the ties, the washer forces it up into the re- 
cess in the tie, secures a better hold on the iron to 
prevent creeping, and to a great extent destroys capil- 
larity by creating an open space instead of tight con- 
tact around the hole in the iron. The water must be 
forced up an incline in order to enter the hole. 

The sheets of iron are connected to each other by 
bending and lapping and riveting at one point on each 
side of the joint where it overhangs the stringer. The 
sheets are ordered in such lengths as to bring the joints 
between instead of under the tie. This method has been 
found almost universally effective to prevent creeping, 
and has reduced the leaking very greatly. No remedy 
has been found for leaks around the guard-rail bolts, 
but all holes in the stringers are carefully plugged at 
the bottom after framing and filled with creosote which 
is allowed to soak in. 

It is still found necessary occasionally to stop creep- 
ing by bending the iron downward on the inside of the 
chord, nailing it to the stringer and flaring the lower 
edge of the iron to keep the drip off the sides. Small 
Squares of galvanized iron or washers are used when 
this plan is resorted to in order to keep the nail heads 
from pulling through the iron. e 
The method of covering the caps has proved entirely 
satisfactory; gum and red-oak caps in use five years 
show no signs of decay. No caps put on since 1900 and 
Properly covered have required renewal. Caps next to 
the bulkhead and those subject to frequent overflow on 
low tres'ies are of creosoted pine, as housing does not 
prevent tecay in these. 

When ‘he use of sheet iron on the stringers was be- 
kun in 4), no attempt was made to secure metal of 
sreat durability. Failure of many sheets appeared in 
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about three years at points where switching was done 
or much sand used. Under ordinary road traffic it 
lasted about five years, and on branch lines of light 
traffic even longer. No failures of the metal on the 
caps due to rust have yet occurred. Later on effort 
was made to secure greater durability, and after con- 
siderable investigation it was decided to use a charcoal 
iron made by an Eastern mill, the galvanizing upon 
which was found to be much heavier than on the ordi- 
nary galvanized (steel) iron purchased on the market. 
The difficulty with this iron was found to be that it 
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On Ballast Floors, Orit Dowels 
Galv.lron for Stringers 


Fig. 4. Details of Application of Galvanized Iron 
to Stringers. 


would not stand short bending, the cracking causing 
leaks. 

Ballasted floors on trestles are meeting with much 
favorable consideration at present on account of the low 
cost of maintenance and decreased danger from fires, but 
it has not been heretofore considered advisable to use 
this plan without treating piles, caps and chords. 

On account of the success attained in the preserva- 
tion of chords by housing, a plan for ballasted floor sim- 
ilar to that shown in Fig. 5 has been adopted on the 
lines of which the writer has charge. The creosoted 
flooring on top of the stringers is confined to place by 
lag screws passing upward through a casting which 
also engages the packing bolts passing through the up- 
per part of the chord. By this method all perforation 
of the chord covering is avoided. The chord covering 
can be renewed when required by jacking up the floor- 
ing from the caps below, and at the same time the 
members of the chord can be inspected on top. The cap 
covering is the same as for the open deck. This plan 
is much cheaper than one consisting of a larger num- 
ber of creosoted stringers with plank spiked on top of 
them, and has the advantage of immediate conversion of 
present open-deck trestles to ballasted floors and admits 
of more ready inspection. It is believed to be able to 
take care of derailed equipment as successfully as any 
other plan. Driving spikes into creosoted timber pene- 
trates the outer surface and admits moisture to the un- 
treated interior, and will no doubt hasten the decay of 
the timber. 

It requires 7% sq. ft. of the galvanized iron to cover 
caps and stringers for every lineal foot of trestle with 
12-ft. spans. The best quality of iron will cost about 
0.042 cts. per sq. ft. or 0.308 cts. per lin. ft. of bridge. 
The labor cost for open decks, including the boring 
of recesses in the ties, is about 0.087 cts. per lin. ft. of 
bridge, making the total cost of covering per lin. ft of 
bridge about 0.395 cts. 

If the stringers and caps of open-deck trestles were 
creosoted instead of covered, the extra cost for treatment 
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Fig. 5. Section of Ballasted Floor on Timber 
Trestle. 


would be about $10 per thousand, B. M., or 75 cts. per 
ft. of bridge. To secure the full benefit of treatment, 
the framing should be done in advance, which is often 
quite difficult, in view of the varying span lengths, and 
eutting has often to be resorted to. If not done in 
advance, decay is likely to set in. Assuming that creo- 
soted stringers will last 20 years, and that the galva- 
nized iron on untreated stringers will last only five 
years, it would seem the best policy to use the creosoted 
timber. On the other hand, the creosoted timber should 
be protected against fire, and a covering which will an- 
swer this purpose will also protect the timber from decay. 





LI! 


For ballasted deck trestles the protection from fire is 
afforded by the ballast, and for ail new work there 
seems no doubt but that the best plan is to use creo 
soted stringers and caps. However, for present cond 
tions, where all stringers are already in place and sound 
it seems most economical to cover the present stringers 


and to continue to renew the covering until new stringers 
are required All patching should be done with creo 
soted stringers. Just what effect the placing of the creo 
soted timber on top of the galvanizing covering is likely 


to have on the durability of the latter is a matter for 
future determination. 

It is also a question whether black iron painted with 
two coats of red lead applied immediately after mixing 
would not be more economical than the galvanized iron 
for the open-deck trestle. 





Resistance to the Flow of Water Through 
Locomotive Water Columns. 


Prof. A. N. Talbot and Mr. M. L. Enger, of the 
University of Illinois, have recently completed a 
series of tests on the hydraulic properties of 
what are known as water columns, for delivering 
feed water to the tanks of locomotives. The re- 
sults of these tests are recorded in Bulletin 48 
of the University of Illinois Engineering FExperi- 
ment Station, from which the following infor 
mation is taken. The tests were on 14 water 
columns, including the principal types used in 
the United States. It was intended (1) to de- 
termine the loss of head through the columns, 
including the loss in the valve, and in the riser 
and spout, and (2) to note the action of the valve 
during the closing and the resultant pressure 
changes in front of the valve to find the influence 
of the valve on the development of water ham- 
mer in the supply line. These tests were made 
in cooperation with the Committee on Water 
Service of the American Engineering & Main- 
tenance of Way Association and others. 

The resistance to flow was found to be sur- 
prisingly high, much higher than has previously 
been believed. With a discharge of 4,000 gals. 
per min., the loss of head ranged from 15.4 to 
46.5 ft. The water columns giving the higher 
figures included types which are used in large 
numbers by various railroads. The loss of head 
in the case of the water column showing the 
highest resistance is equal to the friction loss of 
a 10-in. straight pipe line 566 ft. long. It is also 
25 times that through a single 10-in. elbow. As 
a result of the tests, it was stated that the dis- 
charge ratings of most water columns is too 
high, that is, the discharge under working con- 
ditions is much smaller than has been generally 
claimed. 

Examination of the mechanical construction 
showed that the form of valves and passages, in 
the cases of high resistance, did not accord with 
the principles of good hydraulic design. Such ob- 
jections were found as tortuous passages, sudden 
change in direction, and sudden contraction and 
expansion of section. Good hydraulic design was 
found to have been sacrificed for convenience of 
construction, inspection and repair. However, 
modifications of mechanical design, suggested 
since the tests, in some cases have improved the 
hydraulic conditions without impairing the me- 
chanical design. 

The telescopic adjustable spout showed lower 
losses than the fixed spout, though the lift was 
greater with fixed spouts as the point of dis- 
charge with adjustable telescopic spouts was 
taken as the end of the riser. The ball-and- 
socket spout shows about the same friction loss 
as the rigid type, although the point of dis- 
charge was usually lower. “Anti-splash” at- 
tachments were found to use up head in pro- 
viding a solid stream. 

In all but two of the types tested, only 15% 
of the valve movement was effective in giving 
high resistance to prevent hammer, and in all 
but one the resistance through the valve open- 
ing was not appreciably larger than at full open- 
ing until the valve was 85% closed. It was 
recommended that time gained in quickly mak- 
ing 85% of closure be applied to lengthening the 
time for the remaining 15% to bring the moving 
column to rest slowly and prevent water 
hammer. 
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Collapse of a Steel Water Conduit From 
External Air Pressure While Under 
Test; Bull Run Pipe Line, 
Portland, Oregon. 


By J. C. STEVENS,* Assoc, M. Am. Soc. C. E. 

Bull Run Conduit No. 2 is now being laid to 
provide an additional water supply for Portland, 
Oregon. This consists of 24 miles of 52 and 44- 
in. lock bar pipe, laid parallel, for the most part, 
with the old Bull Run Pipe Line? (Conduit No. 
1). In the course of field tests of pipe, in the 
trench, two sections have developed weakness, 
and, ag a result of the sudden escape of the 
water, sections of pipe near the summits of the 
sections under test have collapsed from external 


FIG, 1, 
YARD. 


air pressure. A third collapse occurred while 
water was being drawn off after a successful 
test had been made. 

From the headworks on Bull Run River to Lus- 
ted’s Hill, a distance of 52,915 ft., the pipe is 52 
ins. in diameter and varies from % to 7/16-in. in 
thickness, The hydraulic gradient is 1.691 ft. 
per 1,000 from elevation 746.0 at the headworks. 
From Lusted’s Hill to Reservoir No. 5, on the 
south slope of Mt. Tabor, a distance of 75,379 
ft., the pipe is 44 ins. in diameter and % in. in 
thickness. The hydraulic gradient is 3.240 ft. 
per 1,000 from elevation 656.5 to elevation 411.6 
at Reservoir No. 5. The capacity will be ap- 
proximately 45,000,000 gals. per day, or practi- 
cally twice the capacity of the old line, and will 
virtually exhaust the natural low-water flow of 
Bull Run River at this point. 

The contract for furnishing materials and lay- 
ing the pipe was awarded to the Schaw-Batcher 
Co., of Sacramento, Cal. The lock-bar pipe is 
being furnished to the contractors by the East 
Jersey Pipe Co., of New York City. 

SPECIFICATIONS.—The _ specifications _perti- 
nent to this paper are quoted below. They were 
primarily prepared with a view of using riveted 
steel pipe, but paragraph 33 admitted the use 
of lock-bar pipe. 


(3) Quality of Steel. 

The steel plates used in the manufacture of the pipe 
shall be made by the open-hearth process, and ghall be 
of the grade known as ‘‘soft,’’ and must comply with 
the following requirements: 

The ultimate tensile strength of the steel shall be be- 
tween 52,000 and 62,000 Ibs. per sq. in. Test pieces to 
be 8 ins. long“and %% ins. wide between measuring 
points. The elastic limit shali not be less than 31,000 
lbs. per sq. in. The elongation shall not be less than 
25% in 8 ins. when measured longitudinally, and 22% 
when measured transversely, and there shall be a re- 


duction of area at the point of fracture of not less. 


than 50%. 
(4) Bending Test. 

The bending-test specimens shall be cut lengthwise 
and crosswise from the sheets, and shall not be less 
than 6 ins. long and 1 in. wide. When cold they shall 
be bent 180° upon themselves and hammered down 
flat, without showing any signs of fracture on the con- 
vex side of the bent portion. 

(5) Punching Tests. 

The specimens for punching tests shall be 1% ins. 
wide end not less than 10 ins. long; a row of not less 
than eight holes, %-in. in diameter, spaced 1% ins. 
between centers, shall be punched while the plate is 
cold without causing any cracks. 

(6) Drifting Tests. 

Specimens for drifting tests shall be 3 ins. wide and 
not less than 5 ins. long; not less than two holes %-in. 
in diameter, spaced 2 ins. between centers, and 1% ins. 
from the edges, shall be punched and then enlarged 


*Civil and Hydraulic Engineer, 605 Spalding Bidg., 
Portiand, Oregon. 
tSee “The Water Works of Portland, Ore.,” by W. P. 
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cold by blows from a sledge hammer upon a drifting 
pin, until said holes are at least 1% ins. in diameter, 
without causing any cracks. 

(7) Chemical Tests. 

Chemical analysis of each heat or melt will be made 
by experienced chemists, under the direction of the 
engineer or his inspector. The steel must not contain 
more than 0.05% sulphur, 0.04% phosphorus, 0.10% 
silica, and 0.5% manganese. 

(8) Additional Tests. 

The plates must also admit of cold hammering, and 
of scarfing to a fine edge at the laps, without cracking. 
The test pieces must furthermore stand quenching, 
forging and other tests as may suffice to exhibit fully 
the temper, soundness and fitness for use of the ma- 
terial. The failure of said test specimens when taken 
at random, from the finished products of any heat or 
melt, to conform with any or all of the above stipu- 
lated requirements, will be sufficient cause for the re- 
jection of the entire product of such heat or melt. 

(9) Perfect Plates, 

The plates shall be free from laminations, cinders, and 
any other surface defects. They shall be fully up to the 
required thickness at the edges, and any plates which 
shall be found to be more than 5% short of the re- 


quired thickness at any point, shall be rejected. Not 
over 5% of the plates shall be short of the full required 
thickness at any point. The plates must be rolled flat 
and sheared as accurately as possible (but in no case 
shall any plates be short of the specified dimensions), 
= must in all respects be in good merchantable con- 
tion. 

(11) Rejections. 

Failure of specimens to fully and satisfactorily con- 
form with the requirements of these specifications when 
subjected to the tensile, punching, bending, drifting, 
chemical and other tests required, or to any of said 
tests, shall be followed by the rejection of the entire 
heat gr melt from which the said samples were obtained. 
Should any sheet or plate show defect during the pro- 
cess of punching, bending and riveting, for manufac- 
ture into pipes, it shall be rejected, notwithstanding 
the test pieces from the heat or melt from which said 
plates were manufactured may have previously been 
satisfactorily tested. 

For the purpose of excluding inferior metal, 20% of 
the top of the ingot shall be cut off and rejected, and 
if the remaining metal shows evidence of not being 
perfectly sound, further cuts shall be made. 

(18) Manufactured Pipe. 

The plates must be of such dimensions as to admit 
of being rolled into shapes that will produce what is 
known as the taper-joint pipe, the small end of each 
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placed a 4-in. double-flanged gate valve. 

valve is to be protected by a concrete we! 
cover, as shown on the plan. Where the ; 
cated within 30 ft. of the hydraulic grade 
vanized-iron stand pipes with 3-in. service 
the pipe may be substituted for the air valve. 
by the engineer. These stand pipes to be box 
a box filled with sawdust. 

(26) Bilow-Offs. 

Blow-offs 8 ins. in diameter are to be pla 
bottom of the pipe in depressions as shown « 
files. Each blow-off shall be furnished wit 
8-in. extra-heavy, kalamein pipe, properly 1a; 
of discharge. 

(32) Field Tests. 

After the pipe has been laid in the tren. 
be plugged at the ends and tested with 
pressure in convenient sections, of such leng 
engineer may direct, to at least 1% times th 
to which it shall be subjected under the natu 
ing pressure when in operation. Calking mu 
tinued until the pipe is tight at this pressur: 
otherwise directed by the engineer, all pipe u 
5O Ibs. pressure or less shall be tested to 75 
sq. in. All pipe used under 50 Ibs. to 100 Ibs 
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shall be tested to 150 Ibs. per sq. in., and al! pir 
under pressure exceeding 100 Ibs. pressure 
tested to 225 lbs. per sq. in. 

The contractor must find his own ways and 


under 


LAYING AND JOINING LOCK-BAR PIPE ON THE 


ye used 


shall be 


means 


and all labor and appliances and material for testir 


and che caps, plugs, etc., necessary for clo 
openings in the pipe and branches. The water r 
for this purpose will be furnished by the Water 


quired 
Board 


from the present conduit, at such times as other de- 


mands upon the conduit will permit, free of ¢! 


the cost of tapping the main and the necessary 


must be borne by the contractor. 


The closing of pipe ends and all openings must in all 


eases be absolutely tight, to prevent filling th 
with water. Should any pipe, special or appurté 
break when making said tests, they must be 
by the contractor at his own expense. On th 
tion of the main and its connection with the 
ervoir, the contractor shall maintain the pijp« 
order for the first six months of continuous : 
and shall, at his own cost and expense, rej 
damages or leaks which may develop during tha 


trench 
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period 


All expense of said tests to be borne by the contractor 


(33) Lock-Bar or Welded Pipe. 
Lock-bar pipe or pipe with welded longitudina 

may be used, subject to the approval of the « 

Detailed plans and specifications shall be furnis 
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FIG. 3. CONDENSED PROFILE OF BULL RUN PIPE LINE NO. 2. 


section having the full inside diameter called for in each 
size of pipe. The longitudinal seams will alternate to 
the right and left, but not more than 6 ins. from a 
true line along the axis of the pipe, and when laid, 
they must be on the upper half of the pipe. 

(21) Shop Testing. 

Each section of the pipe after completion and before 
being coated, shall be subjected to a hydrostatic pres- 
sure of at least one and one-half times its normal 
working pressure as shown on attached profile of pipe 
line, and must, during said test, be absolutely free from 
leaks or fracture. Unless otherwise directed by the 
engineer, all pipe for use under 50 Ibs. pressure or less 
shall be tested to 75 lbs. per sq. in.; all pipe for 50 
to 100 Ibs. pressure shall be tested to 150 Ibs. per 
sq. in.; all pi for 100 Ibs. pressure and above shall 
be fested to Ibs. per sq. in. 

(25) Air Valves. ; 

Air valves 4 ins. in diameter are to be placed on the 
pipe at points indicated on the profile. The valves are 
to be of the pattern known as the “Crispin Automatic 
Air and Vacuum Valve,’’ or some other approved model, 
with %-in. bibb. Cast-steel branches, having flanges 
to conform to the circumference of the pipe at one end, 
and the other end to fit the flanges of the valve, shall 
be used for attaching them to the pipe. Between the 
check valve and the casting on the pipe there shall be 


lay differs in workmanship from the pipe des 
the foregoing specification. The size, length a: 
ness of pipe for the different sections and the 
and dimension of manholes, air valves, blow 
all classes of special! construction and protec! 
conform to these specifications. 

The specifications for coating with 
Rubber Coating’”’ were published in Eng 
News, April 28, 1910. 

Fig. 1 shows some of the lock-bar pil: 
storage yard on Lusted’s Hill. They 2! 
in 30-ft. lengths. Fig. 2, taken at stativ: 
illustrates the method of laying and 
The pipe is laid so that the bars are 
mately on the horizontal diameter. Fig 
shows the concrete and steel trestles use 
blow-off in place. Fig, 3 is a condense 
of the line. 

METHOD OF MAKING FIELD TES’: 
selection of sections to be tested is optior 
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a 
the ictor. A section is chosen, varying BREAK AT STATION 1452.—On Nov. 20, third section collapsed in a horizontal plane 
from 4‘ 0) to 10,000 ft. in length, and a “dead 1910, a section between Station 1445 and 1478 between Stations 1476 and 1477. The rivets 
end” is olted to each end of this section. The was under test when one of the lock bars in a_ in the joint of the partially collapsed pipe were 


“qead 1” is dished inward and is also sup- 





ported blocking against the adjoining sec- 
tion, oF bracing. The pipe is then filled with 
water til it overflows at the air-valve 
pranche: on the summits. The gate valves in 
_----.--_---ressure to have been A 3 
mum 
q rssure ~~ 
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FIG. 4. PROFILE AND HYDRAULIC PRESSURE 


1440-1480, BULL RUN PIPE LINE. of 1% 


these branches are then closed and the air 
valves are bolted in place. In some instances 
the air valves were placed before water was ad- 
mitted, and in some cases no valves were used. 
When all is ready, additional water is pumped 
into the pipe by means of a portable, steam 
pump and boiler, until the desired pressure 
is reached. This pressure is then held by slow 
pumping until the section under test is thor- 
oughly inspected and all joints that show leak- 
age are calked. 

The actual pressure to be applied in each sec- 
tion is determined by the Engineer of the Water 
Board, since the specifications (paragraph 32) 
fix the limits only within which the pressure 
must be applied. It is, of course, physically 
impossible to apply exactly 1% times the work- 
ing pressure and at the same time observe the 
minimum of 75 lbs. per sq. in. The usual pro- 
cedure is to apply 1% times the working pres- 
sure to the lowest point in the section, provided 
this gives a pressure near the minimum at the 
summit. If not, the minimum on the summits 
is fixed as the governing factor, and if this 
gives too great an excess on the lowest por- 
tions, the contractor is of course at liberty to 
subdivide the section. The maximum pressure 
of 225 lbs. was fixed to take care of the Sandy 
River crossing. The maximum head at this 
point is 456 ft., corresponding to a working 
pressure of 198 Ibs. per sq. in., and would have 
required a pressure of 297 lbs. if the maximum 
of 225 Ibs. had not been adopted. 

On the earlier tests only a small amount of 
back fill was placed in the trench before the 
test. Now the practice is to back fill completely 
to grade in the center of each section of pipe, 
leaving the joints exposed for inspection. 

As already noted, in the course of the field 
tests two pieces of the lock-bar pipe broke dur- 
mg the test. Each break brought about a col- 
‘apse of the pipe near the summits of the test 
sections, due to unbalanced atmospheric pres- 
Sure outside following the rapid emptying of the 
pipe. A third collapse occurred while draining 
a section after a successful test. 
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Pipe at Station 1452 split, resulting in the col- 
lapse of two sections of pipe at Station 1476. 
Fig. 4 shows the profile for the section under 
test, the location of the pipe that burst, and 
those that collapsed. 

Above the profile (Fig. 
4) are also shown the 
hydraulic gradient, the 
line of pressure necessary 
to conform rigidly to the 
750" specifications, the line of 
| pressure adopted for the 
test, and the line of pres- 


+700 sure actually applied 
when the pipe burst. 
+650 Pressure lines are repre- 


of Test sented in feet of hydrau- 


L600" lic head with the pipe 
line as base. The head 
corresponding to the 
+550" minimum pressure of 75 
lbs. per sq. in., is 173 ft., 
—_— 500’ and this pressure line 
460 governs the summits un- 
LINES OF SECTION til it crosses the line 
times  work- 
ing pressure at Stations 
1442 + 30 and 1474 + 40. The pressure gage was 
placed at Station 1466. The pressure to have 
been applied was 125 lbs. at the gage, but the 
pipe at Station 1452 burst when the gage regis- 
tered 120 Ibs. The pressure on the pipe at Sta- 
tion 1452 was 107 Ibs., at the time of failure. 
The pipe is 52 ins. in diameter, made of 5/16-in. 
metal. Hence the static pressure causing rup- 
ture was 2,780 lbs. per linear inch along the 
bar. The stress on the metal plate was 8,900 Ibs. 
per sq. in. 
The rupture was due to the lock-bar splitting, 





pulled out, admitting air to the pipe, which pre- 
vented further collapse. The trench at the par- 
tially collapsed pipe and all other portions near 
this summit (except at the two sections that 
collapsed totally) were fairly well back filled. 
COLLAPSE AT STATION 1014.—A collapse of 
7% sections of 44-in. pipe, 4-in. thick, occurred 
between stations 1013 + 20 and 1015 + 60 on Jan. 
9, 1911, while the section between stations 970 
and 1073 was being emptied after completion of 
a test. The water was being drawn off from 
a tap in the “dead end” at station 970, in a 
2-in. pipe, leading into the adjoining section 


Longitudinal 
i ~ Crack 







Stee/ Lock Bar- 


Fig. 5. Section of Cracked Lock Bar. 

The water had been running for two days when 
the collapse occurred. No air valves had been 
placed, and the gate valves in the. air-valve 
branches were carelessly left closed after the 
test was finished. The workman who was draw- 
ing off the water was told to open the gate 
valve but he forgot to do so. He has not been 
seen since the collapse occurred. 

These pipes collapsed in a vertical plane. Fig. 
6 shows seven of the collapsed pipe after they 
had been removed from the trench. The eighth 
section, being partially collapsed, was straight- 
ened and replaced in the trench. Fig. 7 is a 
closer view of three of the pipe shown in Fig. 
6, and shows the position of the bars with ref- 
erence to the plane of collapse. Fig. 8 shows 
the profile of the section under test and the 
position of the collapsed pipe. In every pipe 





FIGS. 6 AND 7. COLLAPSED PIPE AT STATION 1014, BULL RUN PIPE LINE, PORTLAND. + 


letting the plate pull out of the bar. The plate 
itself was not injured, neither did the upset on 
the edge of the plate show signs of shearing. 
The plate pulled out of the bar for practically 
half its length, or 14 ft., and pulled out the rivets 
for a distance of 10 ins., on the circumference of 
the joint between this and the adjoining pipe. 
After failure, a longitudinal crack was found on 
the inside of the jaw of the bar and on the con- 
vex side of the plate, as shown in the section in 
Fig. 5. There were no 
transverse cracks in this 
bar. 

Two sections of pipe 
and about 3 ft. of a 










__ Hydravlic Gradient _ 


370 980 990 1000 1010 020 «30 1040 1050 1060 1070 1080 
FIGS. 8 AND 9. PROFILE OF SECTIONS 970-1074 AND 1074-1136 WITH HYDRAULIC PRESSURE LINES FOR SECTION 1074-1136. 


there is a l-in. tap near one end, closed by a 
l-in. screw plug. At the upper end of the sec- 
tion under consideration a few of these taps 
were open while the water was being drawn off. 
These would provide air for the pipe from the 
summit at Station 1029 to the upper end of the 
test section at Station 1073. 

This collapse differs from those caused by the 
bursting of a pipe, in that the external pressure 
increased gradually. Nevertheless it is practi- 
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FIG. 10. COLLAPSED SECTION OF BULL RUN PIPE LINE 


AT LUSTED’S HILL. 


cally certain that those portions between the 
summits at Stations 1019 and 1029, where the 
trench had been partially back filled, sustained 
an external pressure of practically one atmos- 
phere without collapsing. Over the portion that 
did collapse there was less back filling. 

The statement has been made that this col- 
lapse occurred under a very low external pres- 
sure—2 or 3 lbs., per sq. in. That this was not 
the case is evident from a study of the profile 
(Fig. 8). As the water was gradually drawn 
off, it receded from the upper end to a point near 
Station 1059, the elevation of which is the same 
as the summit at Station 1029, before there was 
any external pressure. As emptying continued, 
an external pressure would gradually develop 
throughout the remaining portion of the pipe 
that lies above the line marked ‘“‘vacuum line” 
on the profile. The column of water would not 
be broken until the water receded to this line at 
Station 1048, whose elevation is 33 ft. (hydro- 
static head corresponding to a complete vacuum) 
below the summit at 1029. When this occurred, 
the column would break at Station 1029, form- 
ing a complete, vacuum. 

The summits at Stations 990 and 1010 are at 
the same elevation. A complete vacuum would 
not form at these points until] the receding water 
reached them. When this occurred, the column 
of water would break at Station 990, leaving 
equal columns on each side of the depression 
at Station 1001. While the water was slowly 
receding from Station 1029 to 1010, sufficient 
air doubtless leaked into this portion of the pipe 
to produce an oscillation at the time the col- 
umn of water broke at Station 990. This oscil- 
lation was doubtless the immediate cause of the 
collapse at Station 1014. The difference in the 
amount of back fill at the collapsed portion and 
those adjoining was very slight. In no case was 
the pipe entirely covered over, the earth merely 
extending upon the sides to about the middle of 
the pipe. 

BREAK AT LUSTED'S HILL.—On Feb. 19, 
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1911, a section between 
1073 + 84 and 1136 was 
being tested when a 5/16- 
in. pipe burst at Sta- 
tion 1116, causing the 
collapse of 22 sections of 
52-in. pipe near _ the 
summit of Lusted’s Hill. 
Fig. 9 shows the profile 
of the section under test 
and the position of the 
collapsed pipe. Above 
the profile have been 
drawn pressure lines cor- 
responding to rigid re- 
quirements of the specifi- 
cations. The pressure 
actually applied was less 
than 1% times the work- 
ing pressure at the low- 
est point, or 60 Ibs. at 
the summit, instead of 
the minimum of 75 lbs. 
The pressure gage was lo- 
eated at Station 1074. 
The desired pressure, 60 
lbs., had been reached 
and the process of in- 
specting and calking had 
begun, when the pipe 
at Station 1116. burst. 
The city inspector was 
in the trench near Sta- 
tion 1093. He felt the 
shock when the bar 
broke, climbed out of 
the trench onto the pipe 
and turned around in 
time to see the collapse 
occur. 

Fig. 10 is a view of 
the collapsed _ sections 
from the summit near 
Station 1094, looking 
down the hill. This was 
taken the day after the 
collapse occurred. As 
seen from the profile 
(Fig. 9), this hill is much steeper than would at 
first appear from Fig. 10. This collapse, as 
shown in Fig. 10, was in a vertical plane and 
extended between two anchors, placed at Sta- 
tions 1093 + 79 and 1096 + 29, respectively. These 
anchors consist of a heavy steel band bolted to 
a concrete base shaped to fit the lower portion 
of the pipe. The upper anchor band _ shows 
plainly in the figure, and the lower one is at the 
end of the collapsed portion. It will be noticed 
that there was practically no backfilling in the 
collapsed portion, while 
farther down the hill the 
backfilling partially cov- 
ered the pipe. 

Fig. 11 is an end view 
of two of the collapsed 
pipes shown in Fig. 10, 
after removal from the 
trench. The relative po- 
sition of the bars and 
the plane of collapse is 
plainly shown. 

The twc other collapsed 
portions were on the sum- 
mit from Stations 1077 + 
84 to 1079 + 04, and 
from Stations 1085 + 34 
to 1088 + 04. Both of FIG. 11. 
these sections collapsed 
in a horizontal plane. 

The amount of back filling at these sections was 
less than in the remainder of the trench on the 
summit. 

Figures 12 and 13 show two of the collapsed 
pipes from near Station 1087 after removal from 
the trench. The one in Fig. 12 was turned com- 
pletely over when removed. This view also 
shows the rigidity with which the bars held the 
plates during the collapse. 

At the time of collapse the air valves, shown 
on the profile, Fig. 9, were in position. The pipe 
at Station 1095 + 92 in which the air valve was 
located, collapsed as badly as the others. 
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The bar in the pipe at Station 1116 , 
a head of 370 ft., corresponding to a p: 
160 lbs. per sq. in., when the rupture 
The tension was therefore 4,160 Ibs 
inch along the bar, and the pipe was 
tensile stress of 13,300 Ibs. per sq. in. 
failed both transversely and longitudin 
plate pulled out of the lower jaw in 
along its length of 14.2 ft. The upset 
the plate showed no evidence of shear 
14 is a view of the ruptured pipe aft 
moval from the trench. As will be s 
rivets were pulled out along the circy 
of the joint between this and the adjoi: 
The inside of the jaw on the convex s 
plate was cracked longitudinally th 
length of 14.2 ft., in the manner shown 
The position of the transverse cra 
sketched in Fig. 15. The bar was brok: 
ly across at A and B., while the othe; 
on the inside of the pipe only. Two tes: 
have been cut out, as shown in the ske: 
broken ends of the bar showed crysta 
This pipe had previously been subject 
pressure of 157 Ibs. per sq. in. Earli 
season an attempt was made to test 
between stations 1110 and 1140. The 
gage was placed at 1139, and a pressur 
pounds was to have been applied at th 
When the gage registered 150 lbs. th 
end” at Station 1140 “dished” outward 
test was postponed until the pipe had 
to the top of Lusted’s Hill. In view of 


perience, the contractor objected to putting 


“dead end” in the pipe on the steep slop: 
ted’s Hill for fear the trench would was 
case of a break there. 


After the break and collapse of Feb. 1!), } 


ever the pipe was replaced and successf 
ed in two sections with the “dead ends’ 
tion 1097, where the thickness of pip: 
from 4-in. to 5/16-in. 

AIR VALVES.—The 
“Crispin” air valve, or some 


model. Several makes of valves have 


specifications call f 
other approved 


en exX- 


perimented with, but those in use during th 


collapses (where any at all were used) w: 
“Simplex.” 
of 4 ins. Several have been measured and 
to have an opening at the inlet of about 
ins., instead of 12.5 sq. ins., that would 
with a 4-in. circular opening. It is dou! 


re the 


These do not have a clear opening 


found 
7 sq 


obtain 


tful if 


any air valve of this capacity could have pre- 


vented the collapse at Lusted’s Hill. 


A Turbine Locomotive has been successfully 


tried at Milan. The peculiar feature of th 
bine is the use of movable blades, whi 
operated in series. Four sets of such blad 


used, and at nigh speed the steam stri! 
first set of blades only, while at inter 
speeds two sets or three sets can come in 
he reversing mechanism is a special and 


feature of this motor. The rotors have t\" 


of blades which are of opposite curvature 
running in one direction the steam pass 
the blades at the outer circumference fr 
to right; when running in the opposite ¢ 
steam passes over the other set of blad: 
right to left. In either case the loss of 
due to the blowing action of the secon: 
blades only amounts to a small fraction 
total, and fhe experiments show it to be - 
It is reported that this engine starts we: 
load both on ———— gradients, and | 
consumption of steam fas not exceeded 
per HP.-hr. when running in either dire: 
“Engineering.” 
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COLLAPSED PIPE AFTER REMOVAL FROM TRENCH, 
LUSTED’S HILL SECTION. 
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A Strong Recommendation for Direct City 
Construction Instead of Contract Work 
at New Orleans. 


A well-put argument for direct city construc- 
tion of an extension of the drainage system of 
New Orleans, instead of letting a contract for 

‘ the work, was made recently by Mr. George G. 

5 Earl, M. Am. Soc. C. E., General Superintendent 
f the Sewerage and Water Board of New Or- 
leans. Legal obstacles, whether real or appar- 
ent we cannot say, were found by someone to 
prevent the carrying out of Mr. Earl’s recom- 

x mendation. The report (dated May. 25, 1911) is 
none the less interesting on that account, and is 
given here in full: 


In connection with the construction of the Napoleon 

aye. [drainage] canal, about to be undertaken, the ques 

has arisen in the engineering department whether 

s work should be done by general contract or whether 

t should be done by contracting for supplies, material 

nd machinery, and the construction, installation and 
same by forces employed by the Board. 

Experience to date indicates that the Board's forces can 

‘yet and organize any construction work as well as 

ontractor can organize it; that the Board can buy 


erection of 


FIG, 14. 


1116, BULL RUN LINE. 


good or better material by 
heaper 


an 


contract as cheap or 
than a contractor can: buy it, and that it 
be more certain of getting the character of ma- 
terial and supplies required for the best interest of the 
work if it is the purchaser direct instead of the general 


ontractor who profits every time he can use a cheaper 
material 
Tr 


1 the drainage construction, the following considera- 
ton will show the possible saving to the Board by the 
use of the small contract and force account system rather 
than the general contract system: 

The contractor has to make a bond in a surety com- 














pany in an amount equal to 25% of his contract. He has 
=o ‘o put up a lot of security or collateral to obtain this 
ay bond and to pay a high premium for it. Unless he is 
ue very strong financially this forces him to borrow money 
oe ‘0 prosecute his work. He has to pay interest on bor- 
er rowed money and on deferred payments on materials, 
*te., and to await the completion of his work to get his 
retainer or final payment, which is 15 to 20% of the 
‘mount of his contract; so that, all told, it will cost him 
‘rom 5 to 10% of the amount of his contract to bond and 
Cf finance it. He will bid for a higher profit, but assume he 
ler “wy makes 10% and you have a cost to the city above 
- he actual cost of the work of from 15 to 20%. 
#0 aa .ctor will also need a lot of special plant for 





1 of his work. He will figure that this plant 








RUPTURED PIPE TAKEN FROM TRENCH NEAR STATION 
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FIGS. 12 AND 18. COLLAPSED PIPES AFTER REMOVAL FROM TRENCH NEAR STATION 
1087, BULL RUN LINE. 


may never be of any use to him after this particular 
contract is completed, in which case he must figure the 
cost of his plant into the cost of the work 

The contractor will understand that the drainage canals 
to be coristructed are dependent upon the existing drain- 
age stations to be kept clear of water; that these stations 
themselves will be under enlargement at the same time; 
and if the contractor assumes no obligation, for his con- 
venience he will add a lot to his price for the risks 
of working in canals which are already in operation and 
through which the drainage of the city must pass. If 
the contractor does assume any obligations on the part 
of the Board to do anything specific in relieving his 
work of water, he will claim that the Board has not 
lived up to that obligation, and seek payment for extra 
work and damage due to its failure. With two or three 
contractors working, as they must be, so that any 
action at the pumping station which helps one will 
injure another, there will be still more confusion, and 
each contractor will be morally certain that he is get- 
ting the worst of it. 

In the designation of spoil banks for waste excavation 
from the canals, and the disposal of same, there has al- 
ways been contention as to the location of such spoil 
banks, and as to the shifting of them, which frequently 
becomes necessary, due to one cause or another; and in 
the Napoleon Ave. canal system the question of exactly 
how the dirt will have to be handled is one of the 
serious problems to be worked out as the construction 
advances. Where the Board 
controls the work directly 
it can gain advantage by 
selling filling and shifting ar- 
rangements to meet condi- 
tions as they arise; where it 
is attempted to handle this 
question through a contrac- 
tor, claims for extra work 
and damage for delay, etc., 
arise every time anything 
like a change or delay for 
this cause arises, and many 
of the claims and contentions 
that have arisen on former 
drainage contracts have been 
due to such causes. 


On large contract work the 
forces of the contractor 
are handled to get quantity 
of work, and the Board's 
forces are there to insist up- 
on quality, and the total 
of both forces has to be paid 
for by the Sewerage and 
Water Board, and this total is larger than it need to he 
if there is no antagonistic interest of this character to 
be taken care of. 

These works are large and important and the men in 
charge of them can do far better work in proportion, as 
all kinds of friction due to opposing interest are elim- 
inated; so that they can devote their whole ability and 
energy to getting the best results at the least cost. 

The Board possesses the following advantages in get- 
ting cheap and good work. It has no bond, interest on 
borrowed money or retainer to consider. The contractors’ 
profits are eliminated. It can buy the best material and 
supplies for the intended use without the restraining in- 
fluence of the general contractor whose interest lies iu 
getting the cheapest. It only costs the Board 1% in 
loss of interest on its funds as they are expended. Ma- 
chinery and plant for construction of one work can be 
transferred to another of a similar kind indefinitely as 
works are completed, thus only costing its actual depre- 
ciation for any particular work. The Board has rights 
and advantages and consideration from other public de- 
partments of the city and from public-service corporations 
which it cannot delegate as fully to its contractors. The 
Board has a wharf at the water-works intake, and land, 
connected with the City Belt Railroad over which sup- 
plies by river can be received. It has its great Wash- 
ington Avenue Yard connected with the Illinois Central 















115 





Railroad and centrally located 
the proposed drainage work, at 
tain of its supplies and services 


to the greater portion of 
and through which cer- 
“an be obtained: and in 


many other ways has organization and advantages neces- 


sary for other of its functions which can be utilized for 
any of its work but the utilization of which would not be 
possible to be made available to its contractors, and 
which afford facilities that each contractor must obtai 
for his own particular work, and which will cost him 
more than the pro-rated cost of equal or better facilities 
to the Board. 

The work of sewerage construction undertaken 18 
by the Board because of bids then reported to be 30 
too high has given a good example of what the forces of 
the Board can do in this respect. To Dec. 31, 1910, 80.5 
miles of sewers were constructed in this way, and the 
cost to the Board for the work was not over $676,009 
cluding all labor, material, supervisior lepr ation on 
tools, machinery, wagons, stock, etc Exactly the eame 


items constructed at the prices bid by contractors would 


have cost $1,055,415. No one knows how much extra 
work would have been claimed, but 3% for extra work 
and 5% for supervision in the fleld are about the aver 
age payment or cost of seven contracts immediately 
preceding these, or 3% in all, making $84,453 to be added 
making $t,139.849 which this work would have cos 
under these contracts, without including the pro-rating 
of general expense of $30,000 for two years, which 


included in the $676,000 above stated as cost of the work 
done by the Board, which general expense would have 
been about the same in either case and must be added to 
the one or deducted from the other for comparison, making 
$676.000 against $1,169,849, or a difference of S494.500 
where a saving of only 30%, or about $358,000, was fore 

cast, the actual saving being 425%. 


If the average of the prices in Contracts “U,”" “‘V 
and “‘W’’ (the last sewer contracts constructed by Irw 
Bros.), which prices were considered conservative, be 


applied to- the quantities of work actually done by the 


sewer construction forces of the Board, we have the 

following result: 

Cost of work under items.............. S797 509 

Pe SU GUE onc encde der wecccnsdohecowes 23.919 

Supervision in Geld (SG)... .ccccccccccscccves 80. 806 

General expenses (two years).. 20.000 
MDE  h-eecéadabounn’t4¥awns : . $891,094 

The bids rejected in September, 1907, were nearly 25% 
higher than these bid prices The actual cost of the 
work done by the Board’s forces shows a saving of 
$215,760 over even these figures, a saving of more t 
24%, and these figures are considered to be reasonable 
bids. 

That any such saving as above indicated could be made 
in the Napoleon Ave. system over conservative contract 
bids, there is no claim Your General Superintendent 
believes, however, that a saving of certaintly 19%, and 
possibly of 15% or even more, can be so effected; that 


better work at less public inconvenience can be obtained, 
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Fig. 15. Sketch of Ruptured Pipe and Lock Bar 


No. 97,154, at Station 1116. 


and must therefore so report. No member of the Sewer 
age and Water Board has ever breathed a suggestion that 
this work be done in this way, but the idea as to this 
canal has originated from a recommendation to me by 
Mr. Kirkland, who has had all of the experience of 

of the drainage work to this time to base 
upon. 

Your General Superintendent 
proper men, or useless men, were employed on the con 
struction the results would be reversed, and would not 
join in this recommendation if his experience to this time 
led him to fear any such danger, but having had eleven 
years of experience with the conservatism and firmness 
of the Sewerage and Water Board and its officers in con- 
ducting its affairs, with a single view of the best 
ests of the city, he has no hesitation in recommending 
that this work on the Napoleon Ave. lined and covered 
canal system be started and tried out along the lines 
indicated, provided this course be not in conflict with 
the law. 


his judgment 


recognizes that if im 


inter 


rT OQ 


Work on the Jungfrau Railway Extension has 
progressed so that the stretch from Eismeer sta- 


tion to Jungfraujoch is nearly completed. About 
80% of this 2.4-mi. section is already equipped 
with track and electric conductors. The eleva- 


tions of the two endpoints of the section are 10,- 
350 ft. and 11,220 ft. with a gradient of 6.6% 
Toward the upper end a 500-ft. lateral drift 
has been opened to the cliff face, to dump spoil; 
this drift was holed through or. June 15, 1911. 
Beyond station Jungfraujoch will follow a 25% 
grade to the summit station at El. 13,680 ft. above 
sea level. —(Ztschr des Ver. Deutscher Inge- 
nieure, July 8, 1911). 
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A Special Derrick-Car for Setting Girder 


Spans; San Pedro, Los Angeles 
& Salt Lake R. R. 


In reconstructing the San Pedro, Los Angeles 
& Salt Lake R. R. through the Meadow Valley 
Wash, between Moapa and Caliente, Nev., which 
was wrecked by flood on Jan. 1, 1910, there are 
required 15 crossings of the channel, involving 
81 steel spans 90 to 150 ft. long. Temporary by- 
pass lines are used by the railway pending the 
erection of the bridges; running falsework is 
generally avoided. The erection of the bridges 
is being done by the engineering and contract- 
ing firm Shattuck-Edinger Co., who also con- 
tracted for grading the westerly 36 mi. of road- 
bed and for building the substructures of eight 
of the bridges. This firm has constructed a rather 
special derrick-car, shown in a view herewith, 
for erecting the bridge spans, in order to do 
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derrick framing and machinery, and they also 
project back of the car 18 ft. over a second 
flat-car which is used as tail counterweight 
when required. A toggle hanger at the rear end 
of the sills may be operated to take the weight 
of the rear car and its load, when the derrick 
is lifting a girder. At other times the toggle 
is released and the rear car is free to move 
under the projecting sills. 


The boom is made of two 14 x 14-in. x 56-ft. 
sticks of selected Douglas fir, and is tri- 
angular in plan, being spread at the heel 
8 ft. 9 ins. out to out, the same width as 
the derrick sills, against which it abuts. The 
A-frame legs are extended outside the car be- 
low the deck, so that blocking can be placed 
under them to provide lateral stability when 
the auxiliary boom lifts a load at the side of 
the car. This swinging boom is used in connec- 
tion with another derrick for unloading girders 





SPECIAL DERRICK-CAR SETTING 100-FT. PLATE GIRDER IN MEADOW VALLEY, WASH., 
RECONSTRUCTION OF SAN PEDRO, LOS ANGELES & SALT LAKE R. R. 
(Built and operated by Shattuck-Edinger Co.) 


away with all erection falsework. We have the 
following descriptive data from the contractor: 

The spans to be erected comprised two 90-ft. 
and nineteen 100-ft. plate-girders, and _ ten 
through-truss spans 110 to 150 ft. long. The 
contract for the erection of the spans requires 
that running falsework and the track thereon 
be placed by the railroad company in each cross- 
ing, on which to operate derricks and travelers, 
prior to the erection of the steel structures. 
However, in view of the number of girders to 
be placed, and as falsework was not necessary 
for operation of traffic, it was recognized that 
a method of setting the girders without the use 
of falsework was very desirable, resulting in a 
saving for this item alone of about $200 per 
span. To this end the contractor’s engineer, 
Mr. F. S. Edinger, designed the car-derrick 
shown in the photograph herewith, by means of 
which 100-ft. plate-girders for either through or 
deck spans, weighing 36 tons, are picked up at 
the center, taken to the site and lowered to the 
bridge seat. 

Owing to the’ gage of the track on which the 
derrick moves being only 4 ft. 8% ins. (stand- 
ard), and the load being suspended 60 ft. be- 
yond the forward truck of the car, it was de- 
cided not to attempt to swing the girders out 
from the center line of track to their final posi- 
tion, as the center of gravity would be outside 
the wheel-base, and a swinging boom of the 
length in question is difficult to control. The 
car therefore was built with fixed central boom; 
it sets the bridge girders on rails placed trans- 
versely on the abutments and piers, and they 
are skidded out to correct position afterward. 

The derrick body is a flat-car of 100,000 Ibs. 
capacity. At the forward end is a wooden A- 
frame, a 56-ft. central boom projecting forward, 
and a 20-ton swinging boom having a reach of 
10 ft. Two longitudinal sills on the deck of 
the car, spaced 8 ft. 9 ins. out to out, carry the 
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from cars and for handling floor members of 
through spans and material for truss spans. 

Back of the A-frame is a folding tower. This 
is used for erecting truss spans. With the tower 
folded down the car can pass through tunnels 
and bridges. 





A Civil Service Examination for Deputy Com- 
missioner of Public Works, Evanston, Ill. 
{Contributed.] 


The questions below were given at an examina- 
tion held on May 1. This examination was open 
only to residents of the State. The salary of the 
Deputy Commissioner is to be $125 per month, 
and the qualifications were three years of prac- 
tical work and technical engineering knowledge 
equal to that required for a bachelor’s degree. 
No candidate was successful at this examination, 
and another, open to non-residents also, was 
held on July 3. 

It is the personal opinion of the contributor 
that someone worth more than the salary offered 
will be required, if the questions are any cri- 
terion. He also calls attention to the formula 
here called Kutter’s, which he has known as 
Chezy’s, and to the value given for the coefficient 
C and the question about the modification for 
tile and brick sewers. 

The Deputy Commissioner will be chief assistant to the 
Commissioner of Public Works. The scope of the 
Deputy’s work is suggested by the duties required of 
the Commissioner. Briefly stated, the duty of the Com- 
missioner is to perform all such services in the prose- 
cution of public improvements as require the skill and 
experience of a civil engineer, together with such other 
services as are required of him by ordinances and reso- 
lutions of the City Council. His chief work is to plan 
and direct the construction, operation and maintenance 
work incidental to the streets, alleys, sidewalks, water 
mains, pumping station, sewers, etc.; to approve sub- 
division plats and building plans submitted for permits, 
and to issue permits for and control the work done, in 


streets and alleys, by various public utility corporations. 
It is believed the questions are so prepared that the 
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a, 
use of engineering manuals will not be n: ry. | 
is suggested that anplicants answer those qu: $ fou : 
least difficult first. Proper final numberin§ ~ shen, 
will bring rep'ies in the same order as qu: 5 
plicants will designate questions not answer y their 
number and writing “Not answered.” i 


QUESTIONS. 


(1) State briefly what practical or educat train. 
ing you have that, in your judgment, may ou for 
the duties of the position sought to be fil! jy, this 
examination. a 


(2) State briefly what, if any, importan: onstry. 
tion or investigational work, public or private #5 hays 
been connected with as engineer, inspector, s) rintena. 
ent or foreman. In answering, state your nk and 
length of service and approximate number of ~ cn tha 
were subject to your direction. 7 


(3) Draw to a scale of 880 ft. to the inch 


lia 
representing a section of land and designa' ‘here 
by shading, the tract legally described as th y. % of 
the N. EB. % and the N. EB. % of the N. W *,. How 
many acres is represented by the unshaded © srtion of 
the diagram? . 
(4) The roadway of Davis St., across Ride Ave. js 
“acadam. How would you re the sane receiy. 
ing a single course of paving brick, using a sa “ushion 
and sand filler? How many paving bric! i hew 
much sand, would you need to complete the 2 You 
may assume the roadway of Davis St. at 36 f and the 
width of Ridge Ave. at 80 ft. Show your w n full 
and state assumptions made to answer the qu eae 
(5) State briefly the essential requisites i tests 
you would employ to determine the quality ©! the fo}- 
lowing materials, to wit. : 
(a) Paving brick. 
(b) Vitrified tile sewer pipe. 
(c) Cast-iron water pipe. 
(d) Portland cement. 
(6) State briefly the theory of action of seiic tanks 
intermittent sand filters and sprinkler filters in the puri 
fication of sewage. Explain the bacterial action and the 


function of “grit” and “dosing” chambers. 
(7) State briefly the main differences betweer 
(a) Fire tube and water tube boilers for water- 


works. 

(b) Vertical and horizontal pumping engines for 
water-works. : 

(c) Centrifugal and screw pumps for sewage pump- 


ing. 
(d) Feed pump and injector for forcing feed water 
into a boiler. 


(8) How does the steam pressure in a boiler affect 
the boiling point of the water in a boiler? 


(9) Given, an Illinois cou! having a heat value of 
12,500 B.T.U., and knowing the mechanical equivalent of 
1 B.T.U. is one Joule, or 778 ft. Ibs., 

Find how many pounds of such coal will be required to 
be burned to run a 50-HP. engine 10 hrs., provided 1-6 
of the total heat in the coal is used in doing the work 


(10) Given the latent heat of water as i144 B.TU. 
and the latent heat of steam at 966 B.T.U., 

Find how many pounds of ice at 32° F. can be melted 
by 3 Ibs. of steam at 212° F. 


(11) (a) Solve (a+b)? 

Factor (a*—b?) 

(b) Write the formula for finding the area of a 
circle whose radius is R. 

Write formula for finding the area of an 
ellipse whose principal axes A and B 
are known. 

(c) Draw a right-angle triangle and complete 
the formulas for the following trigo- 
nometrical functions of the angle A in- 
cluded between the base and the hy- 
pothenuse, to wit: 

Sin A; Cos A; Tan A; SecA. 

Draw an oblique triangle and show deri- 
vation of the equation for finding un- 
known sides when two angles and one 
side are given. 

(ad) Derive the equation of a circle referred to 
rectangular axes X and Y with origin 
at center of the circle. 

(e) Write the differential of 2°. 

(f) Write the integral of 62‘ dr. 


(12) Stability against the overturning force of wind 

uires proper design and proportioning between 
weight, height, breadth of base and exposed area of & 
smoke stack, tower, etc. This relation is expressed by 
the equation 


d h*C 


d 


= 56 for square shape, 35 for octagon and 28 for 
round shape. 


o 
d == ave dth of shaft in feet. 
h he! in feet. 
bd == bre : in feet. 
= wei in pounds. 


(a) Find the necessary weight of a square shaped 
chimney 100 ft. high with base 9 ft, wide and top 5 ft 
wide to be safe = overturning. s 

(b) Assuming brick masonry weighs 110 Ibs per © 
ft., find the —- thickness of the walls required. | 

(c) State, by inspection of formula, what retens 
in weight could be made by substituting a round shaped 
chimney if the average breadth of shaft and breadth 0! 
base remained unchanged. 


(13) Employing Kutter’s formula, V=Ov'\: | 
(a) Assume that the value of C as given in ydraulic 
tables for such conditions is 116; compute the delivery 


in gals. per day of a 24-in. water main 10,0)" {t. lone 
under a drop in pressure of 0.868 Ibs 

(>) In what particular would the equation ©: its fac 
tors be modified to solve the problem for the | 'scharsé 
of a tile pipe or brick sewer of equal size or len= b under 


a drop of 8 ft. 


(14) What force or “pull” parallel to the roadway 
must be exerted to sustain a wagon and its loa — & 
roadway having a grade of ¢ ft. per 100 ft. In solving 
a friction and determine the theoreti al force 
only, 
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The Original Twenty-four years ago, the 
Proposal for a late Arthur M. Wellington, 
High Building for then Editor-in-Chief of this 


New York journal, proposed a “loop” 
Municipal Head- pjan for the Brooklyn Bridge 
quarters. 


terminal in New York City, 
and suggested as one feature of the plan the 
construction over the terminal station of a high 
building to be used for municipal offices. 

Mr. Wellington as an engineer was always 
phenomenally sanguine in his forecast of future 
development, but even his anticipations have 
een far surpassed by the enormous develop- 
ment of the high office building. It is of interest 
to note that the new municipal building, which 
is under construction by New York City, and is 
illustrated in this issue, while it does not stand 
m the site of the present Brooklyn Bridge ter- 
minal station which Mr. Wellington proposed to 
remodel, stands on a site within 200 ft. of it 
which was acquired by the city on which to con- 
struct a loop subway connecting the Brooklyn 
and Manhattan bridges. In a measure, there- 
fore, it realizes and goes far beyond Mr. Well- 
ington’s project of 24 years ago, which was at 
that time thought by many to be quixotic. 

It is also cf interest to note that a loop ter- 
minal with a great office building over it has 
veen in operation for two years at the Hvdson 
Terminal, only a few blocks away, where the 
tunnel lines under the North River have their 
downtown station. 


—————__@—_- - ——-—---— 


An Exposition of OT® Of the questions always 
the Advantages Pen to d'scussion is whether 
of Direet City or not it is advisable for a 
Construction Im- city to undertake the direct 
stead of Contraet construction of public works 

Work, instead of intrusting their ex- 
ecution a contractor. The question recently 


arose at New Orleans and was made the subject 
of a str ig and interesting report in favor of the 
city und: rtaking the construction of a drainage 
canal its own forees. This report, which 
brs Wr 1 by Mr. George G. Earl, M. Am. Soc. 
- E., ‘rinted elsewhere in this issue. 

a W ve already intimated, Mr. Earl made 

a 


ng case for doing the work by the 
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city directly. Notwithstanding this the city did 
not undertake the construction, as we under- 
stand it, owing to legislative prohibition found 
by legal talent in either the city charter or in 
the statute authorizing the drainage work. 

We leave to others to discuss, if they see fit, 
the arguments put forth by Mr. Earl, merely re- 
asserting our opinion that they are strong argu- 
ments in favor of city construction in this par- 
ticular case. What we wish to call especial at- 
tention to, in addition to directing our readers 
to Mr. Earl’s report, is the unfortunate way in 
which nearly all our cities are hampered when 
it comes to making a choice in matters of public 
policy like the one under discussion. We think 
that few would contend that the choice between 
carrying out public works by contract or by 
direct city labor involves any grave fundamen- 
tal principles which must be established by the 
state. It may be that the legislative require- 
ment of contract work at New Orleans was 
more or less a matter of chance. Certainly it is 
very unlikely that members of the Legislature 
of Louisiana gravely debated whether or not 
the city of New Orleans should be allowed to 
construct public works direct or be compelled to 
do it by contract. 

We believe that city authorities should be 
permitted a free choice between the two methods 
of building public works. It may be highly ad- 
vantageous to have the power to execute public 
works by day labor forces even though the 
power be seldom exercised. 


ee 


We commented in our issue of 


Selling Engi- July 6 on the advertisement 


neering of the city of Carbondale, Pa., 
Work at itr sealed proposals from 
Auction. “consulting engineers” to 


prepare plans for “a compre- 
hensive system of sewerage and sewage disposal.” 
Bidders were required to submit cash or certified 
check for $50 with their bids, to be forfeited if 
they failed to enter into contract within 10 days 
from the award and to complete the job within 
60 days. Further, no money was to be paid the 
engineer for his plans unless and until they were 
approved by the Pennsylvania Commissioner of 
Health. 

It may be of interest to our readers to learn 
what bids were received when they were opened 
on July 10. The list was as follows (the names 
of the bidders being omitted): 


(A) Complete design, including all necessary 
surveys, maps, plans, etc.; $1,250.00 plus traveling 
expenses, or $25.00 per day and $10.00 for assistant. 

(B) Complete design, plans and specifications: 
$800.00. For surveys, maps, etc., $20.00 per day. 

(C) Complete design, plans and specifications, 
$590.00. 

D) Complete design, including all necessary 
preliminary surveys, report, maps, plans, specifica- 
tions, etc.; $780.00. 

(E) Complete design, plans and specifications, 
no surveys; $539.00. 

(F) CGomplete design, as per advertisement 
$972.00. 

(G) Complete 
$1,175.00. 
$225.00. 

(H) Complete design, maps, plans, specifica- 
tions, reports, surveys, etc.; $900.00. 

Note.—All the bidders, except (D) and (E), en- 
closed a certified check for $50 with their bid. 
(E) wrote a very dignified letter to the members 
of the council to the effect that their request for 
a certified check was unprofessional. The contract 
was awardei to (D). 


design, including surveys: 
If City Enginer make surveys deduct 


One of the bidders has written us as follows: 


Sir: Having read the editorial in your issue 
of the 6th inst. criticising the City of Carbon- 
dale, Pa., for its action in advertising and re- 
quiring certified checks accompanying sealed 
proposals of engineers who desired to compete 
for the making of plans and report on a com- 
prehensive system of sewerage and sewage dis- 
posal works, I feel some comment”on the same 
is desirable. 

In the first place, the result of the bidding was 
exactly as you anticipated: the successful bidder 
is one whose engineering training was obtained 
in a rolling mill in great part, and whose en- 
gineering practice has been largely the sale of 
vacuum sweepers, although recently given to the 
guaranteeing of odorless sewage purification 
without any attention to the apparatus on the 
part of an operator, however irregular the in- 
fluent. 

The facts in the whole matter indicate, how- 





117 















































































































ever, that there were no “interests of the en- 
gineering profession” there to protect,—at least 
none such as inspired the editorial. The laws of 
Pennsylvania, based on the European practice 
commented on in your editorial of April 13, 1911, 
require that such work shall be advertised and 
let by competition to the lowest responsible bid- 
der; but, having in mind the “unprofessional” 
aspect of the matter, the city had on a previous 
occasion obtained private proposals from a num- 
ber of engineers, who generally offered to do 
certain stipulated things for a stated considera- 
tion, ranging all the way from $400 to $2,500 
Inquiry developed that a number of the en- 
gineers were interested in the introduction of 
patented apparatus; others had little experiences 
in the design of public works: and there was 
one instance of a prominent firm which repudi- 
ated its own plans for another municipality be- 
cause of a fancy for apparatus more recently 
come into favor with that firm To avoid criti- 
cism, no one was selected for the work at that 
time. 

The public letting was attended, as was 
pected, by representatives of a number of 
vious solicitors for the work, including 
low bidders interested in the sale of 


ex 
pre- 
several 
patented 
frequently 
as having been “selected” by municipalities, 


apparatus and whose names appear 
as 
well as reputable and capable engineers who 
proposed to render complete and satisfactory 
service at prices within range of choosing. There 
were a few absentees of previous solicitors 
whose efforts, however, would have received the 
same reward imposed by the Pennsylvania 
as that received by the high bidders 

From all this it is evident that so long as 
there are pretending engineers, sales engineers 
disguised as members of the American Society 
of Civil Engineers, and engineers who 
bills on their reputations, as well as conscien- 
tious engineers who respond to calls for service 
from communities which are concerned but 
in a lifetime in the selection of a 


law 


incur big 


once 
capable en- 
gineer, there is no engineering profession which 
has any interests that are not constantly open 
to the commercialism of the times, and the coun- 
cil chambers of our smaller cities are no places 
to be delicate about such supposed interests 
when the reputations of the members of councils 
depend upon actions above criticism 
Respectfully, 


Bidder 
July 17, 1911. 


If, as our correspondent states, the laws of 
Pennsylvania require municipal engineering work 
to be advertised and let to the lowest respon- 
sible bidder, it is time the engineering societies 
of the state exerted themselves to have the laws 
altered. How long would the State Medical So- 
cieties rest content under a law which requ‘red 
physicians in public hospitals to bid for their 
places? Suppose the district attorneyship through- 
out the state were to be put up at auction 
Would the legal profession stand for it, or the 
public? Except for the fact that engineers, tak- 
ing them as they come, will average up to a 
higher scale of honesty than the lawyers, the 
auctioning off of public engineering work is just 
as injurious to the public welfare 

But the question is, How can the average city 
council know how to select a competent engineer? 
Where can they obtain any authoritative, un- 
biased advice? The lack of an answer to this 
question is costing the engineering profession 
dear. 





The Design of Reinforced-Concrete 
Standpipes. 

The paper on the design of reinforced-concrete 
tanks and standpipes recently read before the 
Boston Soc‘ety of Civil Engineers and the con- 
sequent discussion, both of which are abstracted 
on another page of this issue, make an import- 
ant addition to the general knowledge of this 
comparatively recent type of construction. The 
substitution of concrete for the widely used 
steel tank has been generally made as a mat- 
ter of economy, both in first cost, replacement 
charges and maintenance. Secondarily, it was 
hoped that a construction had been found more 
pleasing to the eye than the ordinary steel stand- 
pipe or tank. As a rule the first expectation 
has been fulfilled; but except where a consider- 
able sum has been spent in architectural detail, 
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the concrete standpipe has not usually added 
beauty to the landscape. 

In some few cases, mainly in Europe, consider- 
able money has been spent to give a pleasing 
form to concrete tanks and in at least one in- 
stance, a facing of cut stone has added meas- 
urably to the appearance, but the usual design 
is a cylindrical shaft, sometimes of changing 
diameter, but more often a straight cylinder, 
with a smooth concrete surface in practically 
every case marred and splotched with moist 
spots or efflorescent salts. 

It is these disfiguring patches that take away 
any artistic value a plain concrete shaft might 
have and, what is more, arouse in the laity ap- 
prehension as to the watertightness and conse- 
quently the safety of the structure. 

That this apprehension is unfounded is shown 
by the record of the concrete tanks which have 
been built. Out of fifty odd that are on record, 
only one has failed, and ‘that structure was 
palpably of unsafe design. Nevertheless, since 
even minor leaks are undesirable and efflorescent 
splotches are displeasing, every effort should 
be made to procure a wall impervious alike to 
percolation of water and the leaching of salts. 
It has been generally admitted that the primary 
precaution. necessary is a good concrete, rich in 
cement, with well graded aggregate thoroughly 
mixed and deposited; but Mr. Andrews, in the 
paper under discussion, proposes a change in the 
theory of design as well. He has applied his 
method with some success in two recent stand- 
pipes and recommends it for future use. 

Up to some ten years ago the engineering world 
accepted, with some doubts, the anomalous theory 
of Considére which held that concrete surrounding 
steel, so that the two materials act together, 
has a much higher modulus of elasticity under 
tension than has plain concrete. Later ex- 
periments, however, showed that when reinforced 
concrete is put under tension, the elastic stretch 
'n the concrete continues only until it reaches 
its ultimate tensile value, which is the same in 
both plain and reinforced concrete, and that above 
that point (when the steel is stressed much 
lower than its safety limit) minute cracks form 
in the concrete destroying its tensile value, and 
throwing all further elongation into the steel. 
These cracks are microscopic in character up to 
the highest working values in the steel, and 
while causing the rejection of the tensile value 
of the concrete in any reinforced concrete de- 
sign, have never been considered a serious detri- 
ment to safe construction. In fact, tests by 
Prof. Probst in Germany have shown that the 
tension cracks which occur in the concrete when 
the steel is stressed below its elastic limit, are 
not of sufficient size to permit the entrance of 
a corrosive gas in sufficient quantity to cause 
rusting in three days, though exposed steel rusted 
in the presence of the gas in 24 hours. 

To avoid these minute cracks in reinforced- 
conerete tanks is the intention of Mr. Andrews’ 
new method of design. Hitherto it has been the 
practice to design the horizontal steel in rein- 
forced-concrete tanks of sufficient area to take 
all of the tensile circumferential stress due to 
the water pressure and to encase that steel in 
a concrete wall of an indeterminate thickness, 
generally regulated by considerations of con- 
struction. Mr. Andrews thinks that these walls 
have been too thin and in consequence when the 
full water pressure has prevailed, the steel has 
been subjected to its designed unit stress of 12,- 
500 or 16,000 lbs. per sq. in., as the case may be, 
the composite material has stretched beyond the 
tensile value of the concrete and the typical 
minute cracks have appeared. Through these 
cracks, invisible to the eye, the water has passed 
in greater or less quantity, forming either leaks 
or efflorescent splotches. 

To remedy this, Mr. Andrews proposes to de- 
sign the concrete-steel walls of sufficient thick- 
ness so that the concrete may never be stressed 
beyond its tensile strength. In doing this the 
steel, of course, carries only a small part of its 
safe load, but the concrete wall remains intact 
and, provided the material is good and well 
placed, impervious. 

This theory may account for the general areas 
of moisture and of efflorescence which disfigure 


the bases of standpipes. It is quite possible that the 
vertical cracks are so numerous and so closely 
placed that whatever of moisture or salts passes 
through them séems to be fully distributed over 
the face of the tank. At Attleboro, for instance, 
the entire bottom outside face for a height of 
some 10 ft. above the ground was one mass of 
caked efflorescent salt, when seen by a member 
of our staff, about two years ago. This porous 
percolation may have been due to a uniform lack 
of density in the concrete, but it could also have 
passed through the tensile cracks undoubtedly 
formed by the pressure of 100 ft. of water in the 
tank. 

On the other hand, leaks passing appreciable 
amounts of water are so unevenly distributed 
over most of the leaky tanks that it seems im- 
probable that the minute-crack theory will ex- 
plain them. The chances are that these leaks 
are due to some defect either in the material or 
the manner of placing it. The very general 
efflorescent streaks along the horizontal line of 
the end of the day’s work are obviously the re- 
sult of an imperfect bond of the new and old 
eoncrete. The new method of design will not be 
a sovereign remedy to cure leakage troubles, but 
the additional cost of the extra concrete required 
by it is low enough to justify its use, provided it 
proves effective in practice. 

Mr. Andrews’ method of obtaining the ultimate 
tensile value of the concrete in a tank wall does 
not seem to be warranted by present knowledge 
of the behavior of concrete. He had tested in 
tension a number of 4-in. section pieces and to 
obtain a probable tensile fracture limit for con- 
crete in place in a wall, he first adds 25% to the 
test figure to allow for expected increase in a 
larger size piece and then 10% to allow for the 
additional tensile strength of concrete when re- 
inforced. We know of no extensive tests that 
justify either of these increases. Tests to de- 
termine the effect of size of spec:men on strength 
of concrete are extremely limited and, such as 
there are, are very unbalanced, and the best 
tests on reinforced concrete in tension show that 
the minute cracks begin to appear at about the 
tensile limit of the concrete as determined by 
tests on plain concrete of the same age and 
mixture. 


More Light on the Forest and Stream Flow 


Controversy. 
long and violent controversy concerning 
the influence which forests exert on the flow of 
streams has been carried on to a large extent 
with isolated examples observed casually by in- 


The 


dividuals as the basis of argument. Those who 
wish to get at the truth in this matter will study 
with interest the results of two important in- 
vestigations which have just been made public 
and which were made to determine if possible 
the effect of forests on stream flow. - 

The first of these was made by Col. Edward 
Burr, of the Corps of Engineers, to determine 
whether any changes in the flow of the Merri- 
mac River in New England could be traced to 
changes in the forest cover on its watershed. 
The second was made by Prof. Daniel W. Mead, 
of the University of Wisconsin, to determine 
what influence the cutting off of the forests 
which formerly covered a large portion of Wis- 
consin has had upon the flow of Wisconsin rivers. 

We give much space in this issue to an ab- 
stract of Col. Burr’s report. Prof. Mead’s re- 
port was reviewed in our Engineering Litera- 
ture Supplement of July 13. Both these investi- 
gators reach substantially the same conclusions; 
to wit: That forests, so far as their investiga- 
tions can determ'ne, have practically no effect 
whatever upon the flow of streams. 

So far as the influence of forests upon flood 
heights was concerned, this conclusion agrees, 
We are sure, with the opinion of almost every 
engineer who has given any careful study to 
the question. In the editorial page of this jour- 
nal for June 27, 1907, years before the con- 
troversy over forests and stream flow assumed 
an acute stage, we said: 


A forest cover has comparatively little effect 
in reducing the height of floods. Instances with- 


-— saber are on record where most 
with ‘primeval’ tovestar®® |” Feétons ett 
Both Col. Burr’s investigation and Pro: 
bring out very clearly that the overwhe 
fluence in causing floods, on the one ha 
low water, on the other, is a surplus or « 
in rainfall. To cite examples of ver 
times, we may take the floods which 
‘hrough Pennsylvania at the time of th 
town dam’ disaster, or those which ea 
struction in the valleys of the Delay 
Passaic Rivers seven or eight years 
result of a phenomenal rainstorm. 
only common sense for one to underst 
such rainfalls would have caused ¢ 
floods even though the areas on which 
had all been clothed with primeval fores: 

When we go to the other extreme 
sider the comparative maintenance of | 
flow from forested and cleared areas, w: 
mittedly on more debatable ground. 
undoubtedly a wide general belief no: 
the minds of the lay public but among 
that brooks and streams flowing in th 
do not dry up in times of drought 4 
streams flowing from cleared areas. 
other hand, it is evident enough that h:: 
the influence of the forests is ai ve 
factor compared with the lack of rai) 
is well known that in a long-continu. 
of drought the streams flowing from a 
region will shrink away to mere thr 
fact, the volume of flow of streams such 
times depends far more on the contritutions 
they receive from springs and _ simila; 
ground sources than upon the cover or 
cover upon their watershed. 

It thus appears that the variation in flow 
of streams is first of all dependent ipon the 
ra:‘nfall and almost wholly on the rainfall. s 
that the influence of forests to either increas 
the low water flow or diminish the volume o‘ 
floods would be in any event but a smull per 
centage of the total stream volume. If, now, th 
rainfall were uniform year by year and we had 
available accurate data as to the forest con- 
ditions on a given watershed at different times 
we might proceed to investigate with consider- 
able accuracy and settle definitely what this 
small percentage of forest benefit, provided it 
existed, amounted to. 

But the rainfall is subject to the widest vari- 
ations not only from year to year jut 
decade to decade. We are now passing through, 
for example, a period of deficient rainfall, the 
results of which are giving anxiety to water- 
supply engineers over a wide area. A few years 
ago, on the other hand, we were passing through 
a period of excessive rainfall, when engineers 
were experiencing anxiety lest reservoir walls 
and waterpower dams should yield under the 
stress of heavy floods. The difficult task of the 
investigators is to take the stream flow records, 
subject as they are to extreme variations from 
unknown causes, and determ!ne whether a con- 
nection can be traced between any of the vari- 
ations and the cutting off of forests or the re- 
growth of timber on lands once cleared 

It is at this point, if any, that the conclusions 
reached by Col. Burr and Prof. Mead wil! be as- 
sailed by the forestry enthusiasts. Each «f them 
has done the best he could with the information 
available, but there is no very reliable i:forma- 
tion as to the changes which have taken place 
during the last half century with respect 
forests, either in New England or Wiscon::n. We 
know, indeed, that the valuable timber })\\s been 
removed from vast areas, but to what tent a 
second young forest is taking its place and to 
what extent the land is cultivated or used as 
pasture there is no data available which = accu 
rate enough to be relied upon. The p» lished 
figures giving the area of forested land, as de- 
termined by census reports, etc., when | alyzed 
and studied as to their origin, will be ‘ ind to 
be little mere than a summation of the :uesses 
of farmers and woodsmen. 

It is possible, of course, to study ve! 
streams and compare own forest ¢ 
on their watershed at a former period w 
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ent ions. Knowledge of changes in some 
such il streams is the basis on which much of 
the a vent in favor of forests as conservators 
of str flow has been founded, but it is appar- 
“as what applies to a small brook may not 
hold at all for a large river. The flow in 
the | Merrimac, for instance, in a time of 
droug iay be benefited as much from a local 
thun shower falling on some area in its 
wate! | where the forest has been removed 
ind a ze part of the water falling runs off, as 


it cou e benefited if the same watershed were 
cover ith trees. 


It is eworthy that the question of the rela- 
tion ¢ rests to stream flow is at the present 
day on on which the direct expenditure of mil- 
lions iollars is involved. Congress has made 


large appropriations for the purchase of forested 
lands in the mountains of New England and in 
the Southern Appalachians, but the United States 
Geological Survey has first to certify that the 
forests on these tracts of land are essential to 
henefit the navigation of the rivers whigh there 
have ther sources. Where is the proof that the 
forests produce this beneficial effect? The inves- 
tigations of Col. Burr and of Prof. Mead all go to 
show the contrary. 

There is, on the other hand, more or less evi- 
ience to show that the changes which have taken 
place in the last three-quarters of a century 
have been injurious, to some at least, of the 
streams of New England and of the South, partly 
in the way of drying up of the low water flow 
and partly through the amount of sand and 
gravel carried down by the rivers in high floods. 

It seems to us, however, that so far as these 
changes in stream flow and stream beds have oc- 
curred, they are traceable more to what has ac- 
companied the removal of the forests than to 
the mere loss of the forest cover. For example, 
many rivers of New England in their primeval 
state were lined with swamps and morasses. 
With the settlement of the country these swamps 
were cleared and drained and became the fertile 
meadows of the present day, but the storage 
afforded by this broad area lining the streams 
was, without doubt, of importance in mainta‘n- 
ing the low water flow. Again, it is not the 
mere cutting off of the forests that causes 
erosion of the hills. There may be no more 
erosion from a tract of underbrush or a well- 
grassed pasture than from a forest. It is where 
land is cultivated and the soil exposed to wash- 
ing and where roads form a channel for surface 
water that erosion takes place, sending down 
great bodies of sediment to fill the valleys of the 
streams. 

It looks very much as if in the case to estab- 
lish the forest as the conservator of navigable 
waterways the Scotch verdict “not proven” will 
have to be rendered. 

If any of our readers are inclined to question 
this, it will be well to reflect that if forests are 
to produce any real benefit to a navigable river 
they must increase its low water flow by a ma- 
terial percentage, or must actually and demon- 
strably reduce the amount of sediment brought 
down into the navigable reaches from the head- 
Waters, usually hundreds of miles away. 

Even if it can be demonstrated that forests 
do have some small favorable influence upon the 
flow of small streams, their case as respects the 
navigable rivers will not be helped, and it is this 
case which must be proved before the U. 8S. Gov- 
ernment can proceed to take possession of the 
forests which clothe the slopes of the White 
Mountains and the Southern Appalachians. 


LETTERS TO THE, EDITOR 


Lieut.-Col. Burr’s Report on Forests and Run- 
Off, Merrimac River Basin, and the Almost 
Overlooked Low Rainfall at Lowell, 

Mass., 1831-45. 





" 1it Me most earnestly to call your attention 
. ‘ie rt recently printed as House Document No. 
a 24 Congress by Lieutenant-Col. Edward Burr 
of the . 


of Engincers, relative to the influence of 
runoff of rivers. [The report is abstracted 
‘lsewhere in this issue.—Ed.] 


os 
° 
> 
-@e 
o 


ENGINEERING NEWS. 


You will find that this very careful study by Lieut 
Col. Burr and his assistant, Mr. Fred. 0. Stevens, pre 
sents what are undoubtedly the best data yet available 
upon this continent relative to the influence of forests 
upon river flow e 

It is naturally gratifying to me to find the views 
which I expressed in my address at the conservation 
meeting in the Engineering Building, New York City, 
two years ago, thus fully confirmed by this very care- 
ful study, but it is not altogether strange that I had 
an inkling of the truth, considering that I passed my 
first ten years after graduation with the water-power 
company at Lawrence and did much of the detailed work 
of computing the runoff of the Merrimac from the early 
records up to that time. 

My Hudson River studies of three and four years ago 
all pointed to the same conclusion. 

On the Genesee watershed, in very different topo- 
graphic conditions, it is entirely possible that different 
results have obtained. 

But the feature of most interest in this report which 
1 wish to call to your attention is one which Mr. Hi- 
ram F. Mills had pointed out to me some years ago, 
namely, that the great drought or shortage of rainfall 
from 1880 to 1883, which most of our text books and 
most of our engineering reports on matters hereabout 
have recorded as the worst on record, was by no means 
so severe as that shown for the Lowell rain-gagings 
for a period of more than ten years between 1831 and 
1845. 

You will see that these are set forth on Diagram No 
6 [Fig. 3 in our abstract.—Ed.] of Lieut.-Col Burr's 
report, and you will note also how this shortage is 
confirmed by the rainfall records at Providence, R 
I. The precipitation at Boston, Mass., as set forth in 
Sheet No. 7 [our Fig. 4] of Lieut.-Col. Burr's report, 
was not so much below the normal. A study of these 
three records day by day would be interesting. If I re 
member aright, the records kept at the cotton mill at 
Waltham also extended back to an early date, but per 
haps not quite so far back as those at the Merrimac 
Manufacturing Co. 

The matter to which I would call your attention par 
ticularly at the present time is that we have histori 
proof of a much more severe shortage of rainfall and 
for a longer period than that which is commonly ac- 
cepted hereabouts as the most severe on record. 

Very truly yours, 
John R 

Providence, R. I., May 22, 1911 


Freeman 


[We have held Mr. Freeman's letter until we 
could present in the same issue a lengthy ab- 
stract of the report which he mentions, including 
the two diagrams mentioned by him. Comment 
on some phases of the report will be found in our 
editorial columns this week.—Ed.] 
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A Voice From the Wilds of New Jersey. 


Sir: A purposeful and apparently scientific ar- 
ticle recently printed made a statement evincing 
more hope and courage than accurate truthful- 
ness: 


We have conquered the mosquito; now let us 
conquer the fly. 


The first part of that sentence ought to have a 
leading place in every newspaper, with flaring 
headlines. It is news par excellence; who has 
known heretofore that “we have conquered the 
mosquito”? 

By the limited experience of the writer, Perry's 
famous dispatch seems better suited: “We have 
met the enemy and they are ours.” For not only 
have we met them but we still meet them daily. 
And they are ours; that is, they are our daily 
and nightly house companions; we give them food 
as well as shelter. 

It is true, literally, that we have conquered 
the mosquito. The writer conquers an average 
of one every two minutes at this season. He 
hears tales that the genius of Col. Gorgas has 
actually conquered the Panama mosquitoes. 
Would that we had the Colonel in New Jersey— 
with Uncle Sam's millions to back him! 

It is heroic of course to see victory far in ad 
vance, and proclaim it from the house tops. Ac- 
tive members of boxing clubs are known to say 
before the handshake, “I’ve got him licked.” It 
is the same with the boast: “we have conquered 
the mosquito.” Scientists, campaigns of exter- 
mination, entomology treatises and other weapons 
have been put into the arena against the mos- 
quito, and the dreamer of visions, fired with the 
spirit, says “We have conquered the mosquito.” 
But we keep on slapping just the same. 

This is not engineering; and may not deserve 
a.place in Engineering News, but it concerns a 
good many engineers; and some headlights of the 
profession have won fame as mosquito extermi- 
nators. Oh, that they would all live up to their 





lig 





fame and really conquer the mosquitoes—or at 
least tell us why their efforts have come to 
naught. 
“Bitten 
Singhurst, N. J.. July 19, 1911 





The Late Howard Schuyler’s Work on the Mexi- 
can Central R. R. Location. 


Sir: Referring to your editorial in Engineering 
News of July 20, “Wanted, More Records of Pion 
eer Enginee rs," [am sure that the great majority 
of your readers are as much interested in the 
human side of the engineer's work as the scien- 
tifle side. 

I had the good fortune to be associated with 
Howard Schuyler while he was Chief Engineer of 
the Mexican Central R. R., and the southern end 
of this railroad is a monument to his ability as a 
locating and constructing engineer His early 
death cut short a career which would have made 
him more widely known and honored, although he 
had then a national reputation 

Yours truly, 
Emile Low, M. Am. Soc. C. E 


606 Ashland Ave., Buffalo, N. Y., July 22, 1911 
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The Hamburg Gas-Holder Failure. 


Sir: Referring to the account, in your issue 
of July 6, 1911, of the failure of a post in a gas 
holder in Hamburg, Germany, which wrecked th: 
gas-holder itself, it seems to me that it is tims 
engineers should know something of the strength 
of a slender column and should recognize a 
slender column when they see one. So high an 
authority as Prof. Miiller-Breslau should be able 
to offer to the engineering profession something 
more substantial and conclusive than the state 
ment that “the use of tie-plated columns, when 
the section is assumed to be integral, may lead 
to constructions which do not afford adequate se 
curity under loading .of unusual character 

At this long range, and with rather incomplete 
data, I would offer the conclusion that the column 
which failed had an ultimate strength somewhere 
between 66,000 Ibs. and 263,000 Ibs., with the 
odds in favor of the lower value This is based 
on a theory which every engineer ought to know 
It is said to have borne a load of 133,000 Ibs. If 
the post had pin ends or their equivalent, 66,000 
Ibs. would have been the ultimate strength. 
If the ends were sufficiently rigid to make 
the points of inflexion seven-tenths of the length 
apart, the 
about 263,000 Ibs. Here is a very nice practical 


ultimate strength would have been 


demonstration of theory, though a very serious 
experiment. 

From the data of your excellent description I 
have constructed the sketch herewith, showing 





the column in question The dotted lines show 
how the column can bow under endwise compres- 
sion. The tie plates dé not hinder this bowing 
action except in an inconsiderable degree. Be 
cause of the absence of lattice these two channels 
can bow together, and the ratio of slenderness of 
the column is the full length of the column di 
vided by the least radius of gyration of a single 
channel, or in this case 180. 

I have many times condemned so-called col- 
umns just like this one. More than once I have 
suggested to investigators that they test mem- 
bers of this sort in compression. The head of the 
engineering department of a university asked for 
ideas for student investigation. I advised him to 
make tests of such members. He probably took 
the advice—and filed it. 

It is a serious error to use Euler’s formula 
for a short column, say where the ratio is below 
about 100, as was done in connection with this 
column. It is also a serious error to consider a 
column such as this one, which has practically 
no ability to carry transverse shear, as an in 
tegral column. 

The uncertain feature of this column. which 
makes it impossible to determine, from the data 
given, whether the capacity is nearer to 66,000 
Ibs. or to 263,000 Ibs. ultimate strength, is the 
unknown condition at the ends. If each channel 
is connected, as indicated, with two rivets, the 
degree of fixed-endedness is small, and the ulti- 
mate strength is correspondingly remote from 
263,000 lbs. The column as a whole may be far 
from being fixed-ended. A large number of 
columns are designed as square or fixed-ended 
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which are in reality nearer to a condition of 
being pin-ended. There are but few cases in 
structures where members are truly fixed-ended 
or even approximately so. A column resting 
square on a masonry support is one of these 
cases, for that end at least. A light compres- 
sion member riveted solidly or bearing squarely 
against a member very much heavier and stiffer 
than itself is practically fixed-ended. Two equally 
strong (or equally weak) compression members 
butting squarely against one another are not 
fixed-ended, for the tangent line drawn to the 
axis of each may deflect simultanequsly, whereas 
in a fixed-ended member this tangent must be 
perfectly rigid. 

There are many things that ought to be writ- 
ten intp the literature of engineering that would 
go @ long ways toward the conservation of life 
and property. If a lot of intricate mathematical 
rot could be eliminated and such common-sense 
truths as these substituted, engineers would 
learn how to design safely. 

Yours very truly, 
Edward Godfrey. 


Monongahela Bank Bldg., Pittsburg, Pa., July - 


13, 1911. 





Kutter’s Formula Values for Rock Channels. 


Sir: In reply to your correspondent’s enquiry in your 
issue of April 20, respecting the value of m in Kutter’s 
formula, the coefficient of roughness, I have the following 
A canal (irrigation) in which the wa- 
ter was flowing with a mean area of cross-section 12 sq. 
ft.; the cutting was through rock 
as per sketch herewith. I meas- 
ured the velocity by float, tak- 

/ i ing the mean of several trials. 
I checked this by another method known as_ the 
measurement of the ripple in inches and this co- 
incided with the float velocity. The velocity was 1.22 x 
8 976 ft. per sec. Taking Flynn’s Kutter n = .02 
gave me .49 more than the float, while n = 0.0225 gave 
OS4 less than the float, so that in selecting the coeffi- 
cient of roughness I adopt the mean of 0.02 and 0.0225 
for an open rock canal somewhat rough at the sides, 
smooth at the bottom and no weeds or other obstruction. 
This again checks with Flynn's Kutter description of n 
020 for “rubble in cement in an inferior condition, 
coarse rubble set dry’’; and nm = .0225 for ‘‘canals in 
earth above the average in order and regimen.” 

I think 0.035 is too much, and would be only necessary 
in case of neglect, through weed growth, fallen rocks, 
stones, etc., which is not likely to happen on a well reg- 
ulated water course. 


experience to offer. 





J. De Lacy, 
Water Supply and Irrigation Engineer. 
P. O. Box 1656, Cape Town, South Africa, May 25, 1911. 


Sir: Referring to the inquiry of Mr. Mugnier in your 
issue of April 20, regarding experimental data on the 
Kutter formula value of nm for rock-cut channels, I can 
say that on the Chicago Main Drainage Canal, in rock 
section, values of nm have been observed between 0.024 
and 0.029. The iatter is probably the more accurate. 

The channel is 160 ft. wide and 23 to 24 ft. deep. The 
sides are vertical, channeled smooth in limestone rock; 
bottom rough. 

In the experiments Q varied from 6,000 cu. ft. per 
sec. to 8,000 cu. ft. per sec., and S from 0.000,01 to 
0.000,02. This channel may be outside of the limiting 
range for a constant value of m in the Kutter formula. 

L. K. Sherman. 


Chicago, Ill., June 9, 1911. 





Brittleness of Metals Caused By Corrosion. 


Sir: Having read in Engineering News, June 
29, 1911, the note on “Brittleness of Metals Caused 
by ‘Corrosion, and having noted the reference 
to a failure of Muntz metal due to “dezincifica- 
tion,” 1 am reminded of a case of such action 
in sheet-brass that came to my notice many 
years ago. Many thousands of “cannon prim- 
ers” had been stored in an old building at the 
Watervliet Arsenal and, the dampness being con- 
siderable, the nitre of the rifle powder which 
filled the small brass tubes had completely ox- 
idized the zine, leaving the copper spongy and 
brittle. White patches of zinc oxide covered the 
outside of the brass and, when broken, the metal 
showed the red copper only. So weakened were 
the brass tubes by such corrosion that it took 
less force to break them across than it did to 
pull out the friction-wire at the top, so that 
when the gunner jerked his lanyard he “spiked” 
the gun instead of discharging it. 

Yours truly, 
W. P. Mason 

Rensselaer Polytechnic Institute, Troy, N. Y., 

July 19, 1911. 
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Notes and Queries. 


Mr. A. F. Harley, 136 East Bay St., Jacksonville, 
Fla., sends us a photograph of a map showing a 
survey of the Lakewood Estates, Orange Co., Fla., 
divided into lots for high-class residences and 5- 
acre tracts for orange groves and truck farms. 
The tract includes four small lakes, and boule- 
vards have been laid out encircling the borders of 
the lakes, with curved streets running parallel 
to them and a tier of lots between. The map is 2 
suggestive illustration of the manner in which 
such a tract can be laid out with far better es- 
thetic effect than by following the ordinary plan 
of cutting up into rectangular blocks. 

Engineers interested can probably obtain a 
copy of the photograph by addressing Mr. Harley 





ESTIMATING FLOOR ARCHES.—Information 
is asked by a reader as to the current method 
of estimating tile floor arches in square feet. We 
understand the point of doubt to be whether the 
superficial area of floor between beam centers is 
taken, or whether an allowance is made over this 
to take account of the special skewbacks; also, 
whether the beam protection is taken to be in- 
cluded in the floor-arch estimate or is to be esti- 
mated separately. He says that he has found 
trouble in checking bills for fireproofing compa- 
nies by the square feet of floor arches. 





PULL OF FLAGS ON FLAG-POLES.—W. P. H.., 
Milwaukee, Wis., asks whether we know of data 
on the pull of flags on flag-poles at different 
wind velocities. We do not. Information on the 
question would doubtless be of interest to others 
besides W. P. H. and ourselves. 





DEPRECIATION OF ELECTRICAL PROPER- 
TIES.—The paragraph in our account of the re- 
cent convention of the American Institute of Elec- 
trical Engineers (Eng. News, July 6. p. 31) describ- 
ing the paper on “Depreciation” by Mr. Henry 
Floy, of New York City, failed to give an adequate 
idea of the scope of that paper, as the result of 
pressure of convention reports on space and time. 
The paper included, besides the items ef theo- 
retical and actual depreciation previously empna- 
sized in Mr. Floy’s discussion before the National 
Electric Light Association (erroneously referred 
to asa “paper”’),a wide range of subjectssuch as 
(1) the necessity of uniform use of terms in dis- 
cussing depreciation, (2) need of distinguishing 
rate of depreciation used for estimating from 
total sum of depreciation in physical property for 
a given time, (3) amortization of development 
costs, etc., (4) accurate determination of actual 
depreciation, (5) the need of broad cooperation 
for the collection of data on depreciation. 


——— 


Progress Results of Exposure Tests of Paints 
for Steel, at Havre de Grace Bridge and 
at Atlantic City Panel-Test Fence. 


Two important large-scale exposure tests of 
paints for steel, under the auspices of Committee 
D-1 (Preservative Coatings) of the American So- 
ciety for Testing Materials, have been going on 
for five years and three years respectively. They 
are beginning to yield indications of value in 
judging of steel paints. We therefore reproduce 
here a summary of the most recent results, as 
reported by the above committee at the meeting 
of the society, June 27-July 1, 1911. 


Havre de Grace Bridge Test. 


Two spans of the Pennsylvania R. R. bridge 
over the Susquehanna River at Havre de Grace, 
Md., were painted in October, 1906, with 19 dif- 
ferent paints, each on a separate panel length. 
The painting was supervised by the committee. 
At the same, for each panel nine steel plates 
2x 3 ft. were also painted with the corresponding 
paint, at three different spreading rates, and 
these were attached vertically on the outside of 
one truss, facing southeasterly. Periodical in- 
spections of the condition of both bridge and 
plates have been made by sub-committees of 
Committee D-1. 

The most recent inspection was made in April, 
1911. On the day set for inspection of the bridge 
bad weather interfered and accurate ratings are 
therefore at hand for the plates only. The text 
of the report, however, contains remarks on the 
relative condition of bridge and plates. A 

The table of ratings given by the committee is 
reproduced here as Table I., omitting, however, 
the individual ratings of the six viewers and giv- 
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ing only their average. The report ref, 
paints by panel number only. The p. 
analyzed by members of the commit: 
ceedings” of the society, VIII, 190s). 
supplemented the table by a column 
Pigments of the several paints, after 
of analyses by Mr. P. C. MclIlhiney. 


REPORT ON HAVRE DE GRACE BR 
SPECTION, APRIL, 1911 


The 1911 spring inspection of the | 
Grace bridge was called for April 21 a; ) 
der the following program: The first t 
devoted to an examination of the pla 
when it was to be determined which 
were to be removed for photographing | 
after the removal of the coatings. 1) 
day to be devoted to a thorough ins; 
the bridge proper. Rain prevented th: 
out of the second day’s program as 
planned. Plate examinations’ schedu). 
follows: 

A.—Chalking. 

B.—Checking, Cracking, Alligatoring. 

C.—General surface conditions, 
with tfe following marking for each: 


ENGINE 4g 6 eave AG es UN doe 10 
SNES, (OS one y niane Latinas iy Wd: o's = 
MCAS on ot on S'V-04 WERE EGY 66 ks 6 t 
es gta WAY e Soe a a bo Aad «6's 4 to 2 
Failure B 


It is of record that the examinations 
oftentimes marked variations in the co; ion of 
the protective coverings under the different pay 
of application, and it may be assumed t 
clearly proves that each paint has whut v be 
styled its “natural covering rate,” and that th: 
panel rate approximating thereto  eeneral 
showed the best. This in the majority 
was the rate 600 sq. ft. per gal. 


this 


L cases 


REVIEW. 

Under A (chalking) the average rati: 1 
paints was 8.7, Fairly Excellent; of 4 paints 74 
Fairly Good; of 1 paint 4.5, Only Fair. 

Under B (checking, etc.) the average rating of 
16 paints was 9.7, Nearly Excellent; of 2 paints 
6.6, more than Fair; of one paint 2.2, Failed 

Under C (general conditions) the average rat- 
ing of 9 paints was 8.6, Very Good; of 8 paints 
7.5, Nearly Good; of 1 paint 5.7, Very Fair 
paint 2.3, Failed. 

For comparison the average results under same 
scale of rating for 1910 report are listed. Only 
two of the individual inspectors this year are 
the same as reported last year, so that addi- 
tional interest is given to this comparison 
averages. Results generally show intelligent 
differentiation, with some deterioration in the 
vast majority of cases. 


of 1 


It was determined to remove the average gen- 
eral conditioned plate of the three panels at 900 
sq. ft. per gal. rate, for each paint, for photo- 
graphic examination, and this was done under the 
supervision of the Chairman of the _ Inspectio 
Committee on May 2, at which time a thorough 
inspection of the bridge proper was made by W 


A. Aiken, assisted by Mr. Anderson Polk. The 
panels were carefully packed and 
shipped to New York. 

The result of the inspection of the bridge 
proper referred to above resulted in the following 
general conclusions, in practical agreement with 
that reported last year as the average of severa! 
individual conclusions, though from a much less 
detailed inspection of the bridge proper at that 
time. 

It is undoubtedly a fact that generally the 
bridge structure is in as good and in the majority 
of cases better condition to-day than similar 
panels. While there may be shades of difference 
in the protection afforded, it would be difficult to 
draw these sharply at this time except in the 
cases mentioned below. 

Paint 1, while meeting very fully the tests for 
chalking, cracking, ete. is of markedly poo 
character—in some respects more pronounced 
than any. What protection is being affor ied, and 
this is better than on the panels, these averaging 
only Good, is being furnished by the un ‘er-coat 

Paint 2 is furnishing much better prot« tion om 
the structure than on the panels, contrary to the 
previous indications of early disintegr tion 4 
originally reported in 1908. This is undoubtedly 


have been 


due to the fact that the Superintendent §f Tests 
on his original report at the time of und rtaking 
these investigations marked the natural s) reading 
rate of this paint to be 600 sq. ft., and is this 
rate in panels which show best, thoug! not 4 


good as the bridge proper, 

Paint 4 is exceptio¢al in not furnis ing 4 
good protection to the bridge proper a> on te 
panels. 
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-.  GONDITION OF PAINT ON AUXILIARY TEST PLATES, HAVRE DE GRACE BRIDGE, 
sm AFTER 4% YEARS’ EXPOSURE. 


* ? ow >» S ‘ . ¢ % k and 
>» Committee: W. A. Aiken, M. McNaughton, A. H. Sabin, C. M. Chapman, A. Pol 
ins ' J. H. Gibboney. 
s not reproduced. Rating given is average of the six individual ratings, each 
— uh ae for ne nine plates comprising three different spreading rates. 
veins é 
-ings are for: 
, — Chalking. 2 ? 
,. Checking, cracking, alligatoring, etc. 
__ General surface conditions. 
All on scale of 10 = perfect. 
1911 Rating and _ Inspection 1910 Nature of Paint Pigmer.t* (after analyses by P. C 
Paint Kemarks. Rating. McIlhiney). 
. 8.0 Eee vos oss0 es e tiron oxide 79%, red lead; iron oxide 54%, car- 
in Becettent ee teces ec ceene ee aaet bea teed.” 
PS ME eae pewa cast ecew nes , s 
8.2 Very good .......----- +. Silica 41%, carbon, iron oxide; Carbon 41%, silica, 
2 6.5 vainty BOOd....... ++ es 53 «tron oxide; Silica 53%, carbon, iron oxide. 
if 5.7 8 eg RS ee er ; 
C6: Ei PEO chic eensece 7.9 ; . 
3 Quite soot Ree er 10.9 Carbon 96%; White lead 30%, zine oxide, lead sul- 
75 Quite good.......... 7.6 phate, clay; Gypsum 65%, iron oxide. 
( 76 Quite good............. a 
3.9 Fairly excellent........ 7.8 
4 Ht Excellent er Baik dad acermiald - Carbon 88-92%, red lead. (All three coats). 
‘ 7.6 Quite good............. 8.§ 
5 Fairly excellent........ 7.6 
f inp ienseitent Py wets tease eee 10.0 Carbon 67-69%, red lead. (All three coats). 
nit 8.3 WAG MOOG a0 6848 seca 8.7 
= ise eae, wpeetont Pe ile ea ee Red lead 72%, silica; Carbon 21%, silica, red lead; 
~ @ 9.1 Fairly excellent ....... 9.9 Carbon 79%. 
7 PE sas 5 004 008 8.8 
7 h 58 Excellent we Ewe ceswiedes 10.0 Carbon 37-50%, lithopone, clay. (All three coats) 
c 7.9 VERY BOOE.. cs. ccccccnes 8.7 
A 9.1 Fairly excellent........ 9.2 . 
§ B 9.8 Bxcellemt 2... ccc ccccces 10.0 Graphite 96-98%. (AIl three coats). 
Cc 8.0 WEED MONG ccc cc ctaccccs 9.0 
A 7.8 OE OOM sc cis ene c a ecccs 9.2 : r é 
9 B 9.8 DEED kee eek cdwie cet 10.0 Silicate 81-53%, graphite. (All three coats). 
¢ 7.9 WO OGG sec vic ccc ens 8.6 
A 7.3 0 SY eS ee eee ee 8.4 x 
10 B 6.8 Bxcellent. ... cc ccecces 8.0 Red lead 100%. (All three coats). 
Cc 8.9 VOry MOOG... . cccccccess 9.2 
A TA RE ogres Vs lao hes.e 6:6 8.2 ; 
11 B 8.3 .. 0 eer 8.4 Red lead 100%. (All three coats). 
c 8.7 WOES (MOOR ii ceive ccceves 8.8 
A 9.3 Fairly excellent........ 9.2 Sili aie a > uae a ae ee 
7 r cate 4 , white lead, carbon, zine oxide; Car 
12 = rs Carr neue Pra ie hoki as oe bon 80%, red lead. (Last two coats). 
-f VY BOO... 1... ee eeeves . 
; 13 i 98 Gage... decuntass 10.0 ee See graphite, iron oxide. (All three 
Cc 7.5 Quite good ..........- 8.1 ; . 
9. fe y ee errr 8.8 
14 i a8 oleae... nae eeee wens 9.8 Red lead 80%, clay; Carbon 90%; Carbon 98%. 
s Cc 8.8 WOE BUSES fk. cscs eee 8.6 
f ‘ a eee eae 3.6 
15 8 "3 Failed are PE Siecesiee saw am 3.5 Carbon 99%. (All three coats). 
Cc 2.3 Eda 0 Lid bid 94 Rv ee 3.6 
- f i Fairly excellent........ 9.0 s , 
16 . 100 Beeellent agg Rhine as ses 10.0 Carbon 48-55%, silicate. (All three coats). 
g 8.4 Fairly excellent........ 9.2 
17 : by ee Ro = Iron oxide 48-50%, barytes, carbon. (All three 
ly as Os ave cake sey cos ea 7.9 coats). 
re A 9.0 Fairly excellent........ 9.4 
18 B 9.8 Sees ere 9.9 Carbon 70-82%, lead sulphate. (All three coats). 
Cc 8.7 jo Pree 9.2 
A 8.6 Lio pe RR err 9.2 
19 B 9.6 peoestent he ee Mig wae in wk 9.3 Carbon 90-93%, red lead. (All three coats.) 
Cc 7.3 MS in F ORS aye idind 6 6 8.8 
n- % “*This column does not appear in the report. It is compiled from a table of analyses in “Pro- 


ceedings” 


VIII (1908). 


Arranged in following order: First coat; Second coat; Third coat. 


For each 


coat the ingredients of the pigment are given in quantitative order, and the amount of the largest 


is given. 


he *This is a varnish paint. 


Paint 10 on the bridge proper shows better pro- 
tection than on the panels, even though these 
latter are rated Very Good. The paint, however, 
shows a marked tendency to decay, and is likeiy 
to fail in the near future. 

Paint 14 on the bridge proper, while showing 
minute cracking of outer coat as noted three 
years ago, disclosing the under-coat of red lead 
prominently throughout the structure, indicates 
failure to be superficial, more apparent than real, 
and to-day affords good protection, better in fact 
than in many of the paints which lack any evi- 
dence of cracking, checking or alligatoring. 

Paint 15 on the bridge proper, except in num- 








: erous well defined areas showing very badly 
oa throughout, is in better general condition than 
ed on the panels, which are all in very poor condition 
the and are marked as having failed. The panels as 
es a whole are typieal in their condition of the well 


defined areas referred to above, 
throughout the structure proper. 


With the above special exceptions, all paints 
are affording excellent protection on the bridge 
proper. It was noted that generally on the hori- 
a zontal struts and laterals and their connections, 

affording the easier accumulation of moisture, 
most of the paints show more or less deteriora- 
edly ton. This only emphasizes the necessity for spe- 


scattered 








clal care in painting structures. The light lat- 
Ueing of the main riveted members most mark- 
edly or > upstream side of the structure shows 
this tendency more or less in the majority of 
cages 
On May 25, in Brooklyn, N. Y., the photograph- 
_ as typical plates was begun in the pres- 


Chairman of the Sub-Committee and 


oe 
AH. Sabin. The removal of the coatings was 





The original table of analyses does not always account for 100% of pigment.—Ed. 
For panel 1 the tables of analyses account for two coats only. 


subsequently accomplished. In all cases the plate 
material condition was found to fully corroborate 
the ratings given the several paints, as generally 
at this date affording excellent protection. 


Atlantic City Fence Test. 


The steel plates erected on a fence in Atiantic 
City, N. J., facing the ocean, were painted in Oc- 
tober, 1908. They were inspected last on June 
28, 1911, giving a record of the results of 2% 
years’ exposure. The vlewers were not the same 
as for the Havre de Grace bridge, and numbered 
four in place of six. Only a single average 
rating is given for each panel. by each viewer 
The pigment is stated in the committee’s tabula- 
tion, which is reproduced here as Table II (again 
omitting the individual ratings). It is understood 
that those not specially marked are straight lin- 
seed oil paints. 

The best ratings are summarized by the com- 
mittee in a table reproduced here as Table IIT. 


REPORT ON ATLANTIC CITY PAINT-TEST 
FENCE INSPECTION, JUNB, 1911. 


On Wednesday, June 28, 1911, the second inspec- 
tion of the Atlantic City Steel Test Panels 
(erected in October, 1908) was made by Sub-Com- 
mittee D of Committee D-1, this committee hav- 
ing agreed to report upon the conditions of the 
painted surfaces, leaving any report on the com- 
parative corrosion of the various types of metal 
used in the test to Committee A-5 on Corrosion 
of Iron. 

According to the amount of rust apparent on 
the painted surfaces of the panels, as well as the 


TY 
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TABLE I! CONDITION OF PAINT ON ATLAN- 
Tic CITY PAINT-TEST STEEL PANELS, 
AFTER 33 MONTHS’ EXPOSURE (JUNE, 
1911.) 


Inspecting Committee: H. A 
Walker, P. H. Walker, C. M. Chapman 

Individual ratings not reproduced, Rating given 
is average of the four individual ratings 


Gardner, W H 


Markings are on scale of 10 perfect 
Panel. Pigment Average 
1 Dutch process white lead 3.7 
2 Quick process white lead 4.2 
3 Zine oxide (xx) ; 1.5 
4 Sublimed white lead 9 
5 Sublimed blue lead 8.8 
6 Lithopone ‘ia 2.2 
7 Zine white lead.. 4.7 
9 Orange mineral 8.3 
Be 7 eee BOO nba wie c ues 8.3 
12 Bright red oxide.. 8.1 
14 Venetian red ..... 8 
15 Prince metallic brown 6.3 
16 Natural graphite 6.38 
17 Artificial graphite 5.9 
19 Lamp black ..... 6.3 
20 Willow charcoal 8.8 
31 Carbon biack ....... 7.2 
24 Yellow ochre (French) 5.5 
27 Barytes (natural) ea 7 
28 Barytes (precipitated) 1.8 
29 Calcium carbonate (whiting) 0 
30 Calcium carbonate (precipitated) 0 
31 Calcium sulphate (gypsum). : 1.7 
32 China clay (kaolin).... ee 6.3 
33. Asbestine (magnesium silicate) 5.1 
34 American vermilion 10 
36 Lead chromate ........ 7.7 
39 Zine chromate ‘ 5 9.5 
40 Zine and barium chromate 9.5 
41 Chrome green (bluetone) 9.8 
44 Prussian blue W. 8S 9 
45 Prussian blue W. I 8.5 
48 Ultramarine blue . a 0 
49 Zine and lead chromate 9.7 
51 Magnetic black oxide. 9.5 
111 Brown (composite paint) 8.5 
222 Black = = 8.8 
3,333 White $.5 
444 Green 6.7 
555 Black 8.2 
666 Brown ce 
777 White 7.2 
888 Green 7 S 
2,000 1 coat zine chromate, 1 coat iron 
oxide excluder 8,1 
3,000 1 coat lead chromate ‘ 7.3 
$000 1 coat red lead, coat iron oxide ex- 
CIuGer ..., E ; ie 7.7 
100 Straight carbon black paint with 
turps and dryer....... 6 
90 Straight lamp black paint with turps 
and dryer ...... ye are : 5.7 
5,555 Coal tar paint (over red lead) 5.2 
1,000 Chrome resinate in oil.... 7 
1 plate boiled linseed oil, 3 coats 1.5 


TABLE HI—SUMMARY OF BEST RATINGS IN 
ATLANTIC CITY PANEL PAINT TESTS, 
AFTER 33 MONTHS’ EXPOSURE. 

[List of ratings from 8 to 10, on scale of 10 
perfect.] 


Panel. Pigment Average 
34. American vermilion (basic chromate 
i au Phebe 6 Chae ee . 10 
41 Chrome green .... Er aca 22 
49 Lead-zine chromate ot ; <i ce 
39 Zine chromate . ; : a cone 
0 Zine and barium chromate........... 9.5 
51 Black oxide of iron.. aac iterd ak See a 9.5 
4 Sublimed white lead................. 9 
44 Prussian blue ...... Line dh desea tees 9 
5 Sublimed blue lead when ait acm waved, ae 
20 Willow charcoal . eae w arn - 8.8 
ee I SOUND G . bn.cd wdc vec cb Keds’ s 8.8 
45 Prussian blue ...... st eudé.e ws dee eau 8.5 
111 Composition formula alana a 
et ee ee eee ee 8.3 
10 Red lead ........ aon et snd ndiae 8.3 
555 Composite paint ...... es jveaee’. in 
12 Bright red oxide of iron goa Code 8.1 
2.000 1 coat zinc chromate, lcoat iron oxide 8.1 
14 Venetian red eds > S 
888 Composite paint ... - s 


degree of checking, chalking, sealing, cracking, 
peeling, loss of color and other signs of paint 
failure shown, ratings were given each panel. The 
system of rating which took into consideration 
all of the above conditions, was similar to the 
system used at the first inspection during 1910 
when zero denoted the worst results and 10 the 
best results. 


—_—_—__—_—_ 


The Relation Between Human and Bovine Tu- 
berculosis is the subject of the final report, just 
issued, of the British Royal Commission appointed 
to investigate this subject. The report is very 
extensive and discusses in much detail the re- 
sults of experiments and studies lasting over 
seven years, but the main conclusion is that bo- 


vine tuberculosis is in some cases transmitted 
through infected milk, butter and meat to hu- 
man beings, particularly . children. The larger 


percentage of human cases investigated showed 
no signs of bovine tubereéle bacilli, but some few 
of the cases showed unmistakable signs of the 
existence of the animal tuberculosis. As a re- 
sult the commission’ strongly advises that “ex- 
isting regulations and the supervision of milk 
production and meat preparation be not relaxed, 
and the Government should cause to be enforced 
food regulations planned to afford better security 
against the infection of human beings through 
the medium of articles of diet derived from tu- 
berculous animals.” 
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A River Training Wall at Rangoon, Burmab. 


The city of Rangoon, Burmah, is located on 
the Rangoon River, about 40 miles from its 
mouth, and at this distance tidal influence ex- 
ists. It is an important port of the Orient, and 
extensive works have been constructed during 
the past few years to improve the accommoda- 
tion for ocean and river steamers. For the 
former there are wharves 2,830 ft. in length, 
with freight sheds, hydraulic cranes, railway 
sid:ngs, and other equipment; for the latter 
there are 16 floating piers. The port has been 
threatened with destruction by the silting up of 
the river in front of the city and the scouring 
of a deep channel on the opposite side. It has 
been necessary therefore to take measures to re- 
strain the river and to maintain deep water in 
front of the city. The situation is explained by 
the map, Fig. 1. 


The river flows south as far as the city, but 


The works now being carried out comprise: (1) The 
construction of a training wall 10,000 ft. long in depths 
varying from 20 ft. to 50 ft. of water be‘ow low water 
of ordinary spring tides; and (2) the dredging of a new 
channel simultaneously with the construction of the 
wall, the objects being to form a new channel inside the 
wall and to assist the reclamation of the bight outside 
the wall. 

The method adopted for building the wall, a cross- 
section of which is given in Fig. 2, was as follows: In 
the first instance, a foundation course 230 ft. wide, 
composed of three rows of brushwood mattresses, is 
being laid. Each mattress is 125 ft. long, 75 ft. to 80 ft. 
broad and 3 ft. thick. The object of the mattresses is to 
form a carpet on the top of the silt to receive a loading 
of stone, and to assist in its speedy and even distribu- 
tion over the area. The mattresses are built on slipways, 
launched and towed to the site, then loaded with granite 
deposited by hand from small barges and sunk. Sub- 
sequently steam hopper barges of 1,000 tons capacity 
dump granite on the mattresses until there is a thick- 
ness of 5 ft. of stone throughout. 

On this foundation a random rubble half-tide training 
wall is being built. It is to have a width at low-water 


then makes a turn to the east to its junctionmark of 30 ft., and slopes of 1 on 2 for the outside and 


vy Scale of Feet 
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with the Pegu River (just beyond the city), after 
which it again turns southward. In making 
this bend the river has gradually eroded the 
south bank (opposite Rangoon) so that the 
width has been increased to about 6,000 ft., 
while above the bend the width is about 2,000 ft. 
The action has been concentrated and aggra- 
vated by revetment work constructed by pri- 
vate parties above and below this concave bank. 
In addition to this, the swift current at ebb 
tide was diverted by the projection known as 
Mower’s Point, so as to strike the north bank, 
thus tending to un- 
dermine the wharves 
and piers. Further- 
more, the strong 
cross currents made it 
dificult to provide 
the necessary anchorages 
and moorings in the i : 
river. 
The plan of improve- 

ment adopted was as fol- 
lows. (1) to build a training 
flow of the current against the concave and 
eroded south bank at the bend; (2) to dredge a 
deep channel on the river side of this wall; and 
(3) to gradually fill and reclaim the space be- 
tween the training wall and the river bank, 
using for this purpose the material obtained in 
dredging the channel. This plan was designed 
by Mr. G. C. Buchanan, M. Inst. C. E., Chair- 
man and Chief Engineer of the Rangoon Port 
Commissioners, and the works are now approach- 
ing completion. The section of the river training 
wall is shown in Fig. 2. The following descrip- 
tion is taken from an article in “The Engineer” 
(London), from which our cuts are reproduced: 





*A description of the methods of quarrying the stone 
for this wall appeared in Eng. News, Dec. 8, 1910, p. 
618. 
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FIG. 1. MAP SHOWING LOCATION 
OF TRAINING WALL 

Zo TO PROTECT THE RIVER 

PORT OF RANGOON, BURMAH. 


1 on M% for the inside. The foundation course of mat- 
tresses and stone also forms a toe or apron to the wall, 
so that on erosion taking place in the vicinity of the new 
wall the apron sinks to the level of the river bed, and 
automatically revets the river bank and protects the 
wall from being undermined. The wall to within a few 
feet of low water is built up as explained, by dumping 
from the hopper barges, and from that point up to 5 ft. 
above low-water mark it is being deposited by hand. 


When the foundation course is completed the shoal in 
front of the new wall will be removed by suction dredg- 
ing, and the material thus obtained will be pumped into 
the bight on the other side of the wall. When the new 





: FIG. 2, CROSS SECTION OF TRAINING WALL IN THE RANGOON 


RIVER. 


wall* to check the channel is formed the wall wili be gradually built up 


across the present channel. The end of the wall where 
the scour will be greatest is being built of granite blocks 
enclosed in wire crates. Ultimately, as circumstance? 
permit, the land on the side of the wall away from the 
river (300 acres in extent) will be reclaimed and raised 
to high-water mark, a pitched slope being laid from the 
top to the new wall. 

The first mattress was laid in November, 1909, and it 
was estimated that three years, dating from March, 
1910, would be required to complete the foundation 
course, as laying such large mattresses in the middle of a 
tideway was a novelty, and attended with difficulties and 
risk. The work, however, has been pushed ahead 
vigorously, the difficulties have been overcome as they 
have arisen, and if nothing unforeseen occurs the whole 
of the mattresses will be laid and covered with stone by 
the end of June. The work then remaining will be com- 
paratively simple, and will consist of dumping stone to 
form the wall and dredging the new channel. 


Reinforced-Concrete Tanks and St: 


A paper entitled “A New Theory f. 
sign of Reinforced-Concrete Reservoirs 
sented by Mr. H. B. Andrews before; 
Society of Civil Engineers on Dec, 21, | 
paper with its very full discussion is 
in the June, 1911, issue of the “Jour; 
Association of Engineering Soc‘eties,” 
some 45 pages of that publication. 7 
is much too extensive for publication 
neering News, but the original paper 
of the discussion is so valuable tha: 
prepared an abstract which is present: 


A New Theory for the Design of Re: 


Concrete Reservoirs. 
By HIRAM B. ANDREWS.* 
In circular water receptacles the w 
sure at the base per square foot equa 
duct of the weight of water per cubic by 
depth in feet. The tension in the wa 
in height equals the product of the 
sure per square foot by the radius. [F\; 
in the Manchester reservoirt (50 ft. ai 7 
high) the water pressure per square f 
base equals 62% by 72 = 4,500 Ibs. 
The tension in the wall for the firs: f, 
height equals 62% by 71% by 25, equal 113.399 
Ibs. It has generally been assumed t thi 
tension should be taken up entirely y 
reinforcement in the shape of horiz il st 
rods bent to the radius of the reservoi 1 suf- 
ficiently lapped or mechanically attac} 
other to develop the tensile strength w 
oped in concrete. It has been furthe: 
that a thickness of concrete sufficient to e 
the steel reinforcement and to transmit stress 
from one tension rod to another should \: 
Empirical rules have been used for det 





used 


ermining 
this thickness, relating only to obtaining th 
necessary bonding strength and a thickness of 
concrete supposedly enough to prevent sevpage of 
water through the walls. No assumptions, to th: 
writer's knowledge, have heretofore bern mad 


with the idea of utilizing the tensile strength of 
concrete prior to the construction of the reser- 
voir at Rockland. The mixture of concrete that 
has generally been used in the past is one par 
of cement, two parts sand and four parts grave! 
or crushed stone, with the addition of hydrated 
lime or special compounds for densifiers, if I may 


use that term. As it is almost impossible to s) 
thoroughly mix a 1:2:4 concrete either by hand 
or machine so as to make it entirely impermeab 
to water, the walls and floor have been usually 


coated with a cement mortar or with some other 
waterproofing compound. 


As there is a tendency for the diameter of a 
reservoir to increase after it is filled with water 
due to the elasticity of the steel in tension, and 
as the base of the reservoir is practically rigid 
due to its intimate contact with the foundation 


upon which it rests, it has been deemed necessary 
to install some reinforcing material extending 


from the base up into the walls to take care of 
the bending moment and shear at the base. Thr 
writer does not know, nor has he been able to 
find any exact method of obtaining, the amount 


of steel required here, but he thinks that in 
most cases heretofore it has been underestimated 
As the several operations of building up forms 


placing steel and concrete preclude making th 
concrete work continuous, it is advisabl« to mak 
as short intervals as possible between successiv: 
layers of concrete, and where these j ints 0¢- 
curred to bond together the successive ‘ayers '! 
the best possible manner. These instructions a 
outlined were followed out in the construction 0! 
the reservoirs at Waltham, Manchester and Lis- 


bon Falls, except that the two latter reservoirs 
were made with a 1:1%:3 mixture of concrete 
plus 5% hydrated lime. For the Manchester 
reservoir the thickness of the wall at t)- base is 
20 ins., and at the top 12 ins. The ste! is de- 
signed for a unit working stress of 000 Ibs. 


per sq. in. when the reservoir is full of water. At 
the base are installed rods which are «mbedded 
in the floor and turned up into the walls Thes' 
rods are 1 in. in diameter and are laid ins. on 
centers and extend into the wall about ‘ ‘t. 6 ins 
The floor was finished with 1 in. grano! ‘hic, and 


the walls were plastered with two coat- making 
about 1 in. in thickness of 1:1 cemen mortar 
But after the filling of the reservoir var °uUS fea- 
tures were observed which showed t!:t some 
improvement might be made in the : sign o 


future work. 4 
*Engineer, Simpson Bros. Corporation 
+See references to the various structu"™ s " 

on p. 124 of this issue. 
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The veloped at several of the horizontal 
joints— especially at the three lower joints— 
betwee ch day’s work, some seepage of water, 
which ree places increased to positive leaks. 
The se », however, at the upper joints gradu- 
ally st presumably due to the filling of the 
comet y drated lime. We at first saw no rea- 
a wi 1y leakage should develop. We had 
suppost it the concrete was rich enough, that 
the ins ating of 1:1 plaster, put on in such 
: mat is to make a double lap over the 
joints that the care taken in grooving and 


groutit joints between each day’s work, was 
sufficier make the reservoir absolutely tight, 
and wl ve found that a little leakage did oc- 
cur aft king all these precautions, we natur- 
ally be an investigation to determine the 
refore and to obtain for future work 
some pI ction against it. Upon examination of 
reservoir after it was emptied, we found 


reasons 


the 


that the were horizontal cracks at the joints 
mentio1 about 30 ft. long, and extending 
through the wall, also that there were vertical 
cracks in the plastering extending upward for 20 
ft. or § and furthermore, that there were 
checks in the plastering from which the water 
oozed back into the reservoir after it was 
emptied. 

From these observations we made the follow- 
ing deductions; that there was not enough verti- 
eal steel properly distributed to fully distribute 
the bending moment and shearing stress between 


the rigid base and the walls, and that the lack 

f this probably was the cause of the horizontal 
cracks. Second, that the ultimate strength of 
the conerete was probably exceeded when the 
reservoir was filled with water, thus’ producing 
the vertical cracks, and that these vertical cracks 
allowed the water to permeate into the walls and 
through them to the lines of least resistance, 
which would be the horizontal joints. Third, 
that the addition of a rich plaster coat with a 
more or less permeable concrete back of it was 
useless, as the usual crazing and the vertical 
cracking which would occur due to the tension 
would also allow the percolation of water 
through it. 

This second deduction is the basis of this 
paper. From tests which have been made on 
concrete beams, it has been found that micro- 
scopic cracks have developed in the concrete on 
the tension side when the steel reinforcement 
was stressed to 4,000 or 5,000 Ibs. per sq. in., or 
perhaps less; that these cracks gradually widened 
intil they were finally visible. It is presumable 
that these cracks began when the _ ultimate 
strength of the concrete in tension was reached, 
ind at a time that the unit stress in the steel 
was approximately ten times that in the con- 
crete. These microscopic cracks were made vis- 
ible by the application of water, and water lines 
following them could be seen. If these cracks 
developed in beams when the stress in the steel] 
was only 5,000 lbs. or thereabouts, sufficient 10 
admit water, why should they not develop in res- 
ervoir walls when the steel was stressed to the 
same point? And furthermore, if the walls were 
made so thin that they took little of the tensile 
stress, it being all thrown in the steel, at 12,000 
vr 16,000 lbs. per sq. in. or at any intermediate 
working value between these, why would not 
vertical cracks show in the walls, and permit 
water to seep Into the walls? 

One of the first requisitions in a concrete res- 
ervoir is to make it water-tight. The writer did 
not see how he could be sure that it would be 
water-tight if he so designed it, that the cracks 
in the conerete were predetermined. The only 
remedy seemed to be to make the walls so 
thick, and of such a coinposition, that their ten- 
sile strength would never be exceeded. 

Having this in mind when we came to the 
design of the reservoir for Rockland, Mass., we 
decided to use an especially rich mixture of 
concrete, a thickness of wall which would insure 
that the ultimate tensile strength of the con- 
crete would not be reached when the reservoir 
Was filled, to use an increased amount of vertical 
reinforcement especially between the base and 
the walls, and to install a steel dam at each hori- 
zontal joint between each day’s work to prevent 
any direct seepage of water through the joint, 
Provided it entered it. The hydrated lime was 
omitted, as we considered the proposed density 
of the concrete did not require it for unpermea- 


bility, an’ also that where it had been used pre- 
viously had caused an unsightly efflorescence 
on the wa'l wherever there had been seepage. The 
Dlasterins: was omitted as we considered that any 
a "€ upon this mixture of concrete was 


y, but instead, we applied three coats 


of soap and alum solution, commonly known as 
Sylvester’ Compound, to fill pinholes due te air 
bubbles, ete. 

The thickness of wall at the base was deter- 
mined as follows: 

We assumed that a 1:1:2 concrete in tension 
was good for approximately 400 Ibs. per sq. in., 
that the working stress in the steel, if by any 
chance the full tension was thrown upon it, 
would be 16,000 lbs. per sq. in., and that the 
ratio of moduli of elasticity between steel and 
concrete was 10, so that if the concrete was 
stressed to 300 lbs. per sq. in. the steel would be 
stressed to 3,000. The tension at the base of a 
standpipe 46 ft. in diameter and 104 ft. in height 
when filled with water would be 62% x 104 x 23 
= 149,500 lbs. per ft. in height. At 16,000 Ibs. per 
sq. in. this would require 9.35 sq. ins. of steel per 
foot in height at the base, which was the section 


“used. We made the thickness of wall 36 ins. at 


the base, the sectional area of concrete being (36 
x 12) — 9.35 equal to 422.65 sq. ins. 

Let x equal unit stress in concrete, and 10 x 
the unit stress in steel, then 422.65xm + 9.35 (10x) 
= 149,500 lbs.; solving, x equals 290* Iibs., which 
was considerably lower than the ultimate 
strength of 400 Ibs. which we assumed. As we 
could find no tests of concrete in tension, we 
decided to have some made of large-sized bri- 
quettes at the Watertown Arsenal. We there- 
upon ordered our superintendent of construction 
on the Rockland job to make up some briquettes 
of special design, having a minimum cross sec- 
tion 4 ins. square. These briquettes were mad. 
of the same material and in the same manner as 
the concrete was made for our regular work, the 
1:1:2 concrete being taken from the mixture 
while the regular work was going on. 

We also made twelve 6-in. cubes for testing 
the compressive strength of the same concretes. 
The test pieces were made between Aug. 1 and 
Sept. 8 and the tests were made 60 days there- 
after, between Oct. 29 and Nov. 7. The average 
tensile strength of the 1:2:4 concrete was 113 Ibs 
per sq. in., of the 1:1%:3, 202 lbs. per sq. in., and 
of the 1:1:2, 281 lbs. per sq. in., there being n>» 
great variation from this average in any one of 
the tests. The average compressive strength of 
the cubes were as follows: 1:2:4, 2,280 lbs. per 
sq. in.; 1:14%:3, 3,657; 1:1:2, 4,845. Upon examina- 
tion of the fractured tension pieces it was evi- 
dent that the increasing ratio of tensile strength 
when the richness of mixture was increased was 
due to the larger amount of mortar in cross 
section in the 1:1:2 concrete. As this concrete 
showed very few stones at the fractured section, 
while the 1:2:4 concrete showed a large number, 
it was plain that the adhesiveness of the mortar 
to the stones was not equal to the cohesiveness 
of the mortar. 

In regard to the tensile specimens we quote 
from the paper made by the engineer in charge 
of the test: 


No change in the specimens was observed until 
rupture occurred. This took place quietly on a 
plane approximately perpendicular to the axis of 
the specimens and followed the surface of the 
gravel in neariy all cases. 


From the results obtained we checked our pre- 
vious assumptions. The average tensile strength 
of 1:1:2 specimens was 281 Ibs. per sq. in. We as- 
sumed that in large-sized sections this possibly 
would be increased 25%, and that if these sections 


were reinforced by steel, that a further increase- 


in strength of at least 10% might be expected. 
Our first assumption was made by reason of the 
fact that large-sized specimens in compression 
usually showed about this percentage of increase 
over small ones and our later assumption was 
based on the following theory: 

If an unreinforced section is subjected to ten- 
sion, when its ultimate strength is approached a 
crack will develop at the line of least resistance, 
and the fracture will always occur at this point. 

If the section is reinforced, the ultimate frac- 
ture will not necessarily be at the point where 
the first crack developed, as the strain would be 
distributed nearly equally over the entire section 
by the reinforcing steel, and the fracture would 
take place at a plane in which was located the 
resultant of a number of weaker areas of con- 
crete, 

We, however, assumed our original figure of 
281 Ibs. increased by first 25% and then 10%, 
making a tensile strength of 386 lbs. per sq. in., 
which was probably nearly its actual value in 
the wall. It has been previously shown that the 
maximum tensile stress in the concrete would be 


*The original paper gives this figure aa 284 


Ibs., but the equation shows it to be 290 lbs.—Ed 
Eng. News. 





290° lbs. per sq. in., and the corresponding ten- 
sile strength in the steel 2,900* lbs, so that there 
would be a margin of about 30%°* left for a factor 
of safety in the concrete without approaching 
the limitation on the steel. If, however, our as 
sumptions had been wrong and no tensile stress 
whatever was taken by the concrete, which would 
be unreasonable, then we still had steel enough 
to take all the stress at 16,000 lbs. per sq. in. o 
its ordinary working value 

Applying this same line of reasoning to the 
Manchester reservoir, it is found that the ten 
sion at the base if divided proportionately be 
tween the steel and the concrete would be ap 
proximately 3,500 and 350 Ibs. per sq. in., re- 
spectively We have assumed that the ultimate 
tensile strength of the concrete plus the tensil: 


be 202 + 25% + 10%, equal to 278 Ibs. per sq. in, 
so that it is evident that the tensile strength of 
the concrete of the reservoir wall is exceeded 


and that the vertical cracks developed might be 
expected. 

We further find that at a point 25 ft. up, th 
tensile strength of the concreet plus the tensils 
stress in the steel just equals the stress due to 
water pressure at this point, and it was at 
about this place that the vertical cracks in th: 
plastering disappeared 

There was never any trouble with the Lisbon 
Falls reservoir A few damp spots appeared at 
first on the surface, but these soon disappeared 
This reservoir is 62 ft. high and 50 ft. diameter 
and the walls are 20-ins. thick at the 


base 
1:14%:3 concrete was used and a 12,000-Ib. per 
sq. in. working stress on the steel was assumed 
The assumptions previously made would show a 
stress in the concrete of 235 ibs. per sq. in. and 


2,350 Ibs. per sq. in. in the steel This stress in 
the concrete being less than its ultimate strength 
we did not expect to find any vertical cracks 
with a resultant leakage. 

The reservoir at Bridgewater is 78 ft. in height 
and 38 ft. diameter, and the walls at the bas: 
are 20 in. thick. This reservoir has never shown 
a particle of leakage. The stresses developed in 
concrete and steel are about 240 Ibs. and 2,400 Ibs 
per sq. in. respectively. As an example of com 
paratively thin walls with a resultant leakage 
we will cite the reservoir at Attleboro, Mass 
This reservoir is 100 ft. in height, 50 ft. in diam 
eter, and the walls at the base are only 18 ins 
thick; 1:2:4 conerete was used in its construc- 
tion; 13,500 Ibs. per sq. in. was the working 
stress adopted for the steel. From our previous 
examples, the stress in concrete and steel would 
be about 500 and 5,000 Ibs. per sq. in., but the 
stress in the concrete so far exceeded its ulti- 
mate strength that numerous vertical tension 
cracks must have developed to a considerable 
height. In this case presumably the relative val- 
ues of concrete and steel would not hold, but a 
stress of steel must have been developed to some- 
where near the working value assumed. Several 
attempts have been made to make this reservoir 
water-tight, but each refilling has always re- 
sulted in leaks. The cracks in the concrete have 
probably been reproduced in any surface coating 
which has been applied. 

A reservoir 70 ft. diameter and 22 ft. in height 
containing 20 ft. of water was constructed in 
Bondsville in 1908. The walls were 12 ins. thick, 
and composed of 1:2%:4% concrete with 5% 
hydrated lime added to the cement. The unit 
stress in the steel is 14,000 lbs. and in the con- 
crete at the base 260 Ibs. per sq. in. The ulti- 
mate strength of a 1:2%:4% concrete in tension 


may be assumed to be 100 + 25% + 10% = 137 
Ibs. per sq. in. Therefore the actual strength of 
the concrete was considerably exceeded. The 


owners expected an absolutely tight structure 
When it was filled, considerable leakage devel- 
oped at the joints, although there were no ae 
tual streams or jets of water coming through. 
The writer is informed that upon examination 
many vertical cracks were found in the concrete 
walls in the interior. 

It is hard to say just what factor of safety 
against bursting there is in a concrete reservoir 
We are, however, working on the side of safety 
in making the walls thick instead of thin. There 
is on record the case of the complete failure of a 
concrete reservoir in New South Wales described 
in Engineering News, of June 16, 1910. This res- 
ervoir is 40 ft. high and 40 ft. interior diameter, 
capacity 314,000 gals. The walls are 10% ins. 
thick at the bottom and 4% ins. thick at the top. 
It was built of a 1:2:2 concrete. The reinforcing 
rods are round rods with a working stress of 








*Original paper gives these values as 274 and 
2,740 Ss. and 40%, but see previous note.—Ed. 
Eng. News. 
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16,000 Ibs. per 8q. in 


vertical plane. 
Discussion. 
MR. lL. © WASON.*—The following 
structures is Supposed to be a complete 


all so far built. Where the word 


ay 





list 
list 
“standpipe” 


These rods are laid in one 


“Le Chateau d’Eau de Forest.” “Le Ci- 
ment,” Vol. 10, Pp. 29 (February, 1905). 
Tank. Germany. Capacity not given. 
of “Ein Wasserturm in Eisenbeton fir das 
of K6énigl. Gestiit Rohrenfeld in Bayern.” 
“Deutsche Bauzeitung,” Vol. 39, Supple- 
ment, p. 16 (1905). 


18 used, it is used to mean a receptacle primarily 


used in connection with a 
Where the word “tank” is used, 
to mean a receptacle which 
Water-works, and may be 
pure impure water. 
arbitrarily with this 
tabulation, 


or 


These 
used 


1897 Standpipe. 

No description Ziven. 

“Das Wasserwerk der Stadt 
Paul Médller “Zeitschrift 
Deutscher Ingenieure, Vol. 
(March 13, 1897). 


Standpipe. Little Falls, N. J. 

10 ft. diam., 43 ft. high, walls 1 
at bottom and 106 ins. at 

Transactions American 
Engineers, by Wm, B. 
454 


Germany. 


1899 


wv. 
Discussion of paper 954, 
See also Transactions 
of Civil Engineers, Vol. 
433-34. 
Standpipe. 
“Bauwerke,” 
2, Pp. 9. 


June, 
54, 


102. Amsterdam, 


“Beton 


1903. Standpipe. 

81 ft. high, 
ins.-9 ins, 
Vol. 61, p. 
neering 
26, 1904). 
neer,” Vol, 21, 
American Society 
54, Part E Pp. 433 


Standpipe. 


Milford, 
15% ft. 
thick. 
184 
Record,” 


Ohio 


(Feb. 25, 
Vol. 
“Municipal 
21, p. 648. 
of Civil 


49, p. 


Fort Revere, 


41, 


Journal ar 


Hull, 


water-works system. 
it is understood 
is not primarily for 
made to contain either 
two words are 
understanding in this 


132,000 Gals. 


Calbe,” 
des 


by 


Vereines 


of 


1905. 
American So 
Part E, 


Holland, 


und Eisen,” Vol. 


p. 


301 


25,260 Gals. 
5 ins. thick 
top. 
Society 
Fuller, Vol. 50, p. 


Civii 


ciety 
pp. 


and 


93,000 Gals. 
outside diam., walls 5 
“Engineering 
1904). 


News,” 


“Engi- 


Mass. 


882 (March 
nd Engi- 
“Transactions” 
Engineers, Vol. 


118,000 Gals. 


Octagonal 


tower, 33 ft. diam, 
ft. high; 


tank, 20 ft. inside 
high; wall 6 ins. thick at 
top, 


“Description Concrete Stee] 
and Standpipe, Fort Revere, 
by Leonard S. Doten. 


Vol. 19, Pp. 33 (March, 
“Engineering News,” Vol. 
29, 1904), 
Dp. 218 (Aug. 22, 1903). 
nal and Engineer,” Vol. 21, 
5, 1906). “Transactions” 
ciety of Civil 
P. 433, Kdwin Thacher. 
Enginering Congress 1905, 
“Proceedings” Illinois 
neers and Surveyors, 
(1907), by Charles B. 
and Engineering News,” 
(June, 1907) 


Standpipe. Leibnitz, 

Tank stands on high 
Support. It is 13 ft. 2 ins. 
9 ft. 10 ins, deep. 

“Beton und Eisen,” Vols. 1 


Vol. 


and 


2 Standpipes, Ekatérinoslav, 


“Journal 
New England Water Works Ass 
1905). 


Society 
22, 
Burdick, 


Vol. 19, 


at base, 
diam., 50 ft. 
base, 3 ins. at 


v4 


Water Tower 
Hull, Mass.,” 
of the 


ciation,” 
Abstract 


Pp. 


52, p. 598 (Dec 
“Engineering Record,” Vol. 48, 
“Municipal Jour- 
BD. 542 (Dec. 
American So- 
Engineers, Vol. 54, Part B, 
Internationat 
paper 
of Engi- 
33-44 


70. 


“Cement 


Germany. 95,000 ¢ 
reinforced 


p. 
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Fals. 


concrete 


2, p. | 
Russia, 


in diam., and 


52,800 Gals. and 26,400 Gals, 


Two tanks, 
ins. diam. 
sround;: 
round, 

“Beton und 
1904). 


Tank. 

Supporting 
1 in. high, 

“Zeitschrift des Vereines 
nieure,” Vol. 49, 


Standpipe. Attleboro, Mass. 
50 ft. diam., 100 ft. depth 

height 118 ft.; walls 18 

base, 8 ins, at top. 
‘Engineering News,” Vol. 
21, 1907). (Editorial, 
ent Condition of Attleboro 
“Engineering News,” Vol. 
19, 1909), (Editorial, same 
gineering News,” (letter), 
(Aug.- 26, 1909). 


Tank. England. 

70 ft. diam., tower 60 ft. high. 

“Transactions” 
Engineers, Vol. 54, 
R. G. Gifford Read. 


Standpipe. Paris, France. 

Octagonal tower 28 ft. 6 ins. in 
is 22 ft. deep, 39 ft in diam. 

“Concrete Water-Tower at 
Paris,” by Max de Nansouty. 
Proceedings of the Institutio 
Engineers, Vol. 159, p. 436 
(Part 1.) 


Standpipes. 
12 ft. 


one above 


the second, 97 ft. 


Eisen,” Vol. a > 


tower of pure 


1904, 


1904- 


France. 
ins. diam., 45 ft. 
a@’Eau de 
by 0. 


to 


high. 
“Chateau 


Centre,” Amiras. 


concrete 


ins. 


American Society 
Part EB, p. 


the other, 32 ft. 10 
The larger one, 49 ft. 


from the 


from 


162 


the 


(June, 


64,250 Gals. 
36 ft. 


Deutscher Inge- 
Pp. 1257 (July 29, 1905). 


1,500,000 Gals. 
of water: total 
thick at 


57, p. 212 (Feb. 
same issue.) “Pres- 
Standpipe.” 
62, p. 199 (Aug. 
issue.) n- 
Vol. 62, p. 230 


345,000 Gais. 


of Civil 


548, 


Eisen,” Vol. 5, p. 198 (August, 1906). 


: Belgium. 

Tank is divided into two pipes, 
ing a diam. of 9 ft. 
height of 16 ft: 5 

“Der 


ins. 
Wasserturm in Forest 

*President, 
Boston, Mass. 


by 


110.000 Gals. 
diam.; tank 


La_ Villette, 
Minutes of 
n of Civil 

(1904-5). 


118,500 Gals. 


l'Intercommunale du 


“Beton una 


18.700 Gals. 
each hav- 
10 ins. and a water 
(Belgien),” 


The Aberthaw Construction Co». 


ENGINEERING NEWS. 





by O. Amiras. “Beton und 
Pp. 26 (February, 1905). 


1905. 


Standpipe. Italy. 
20 * 4 ins. high, diam. of outer 
2 ins. 


2 
“Engineering Record,” Vol. 53, p. 
“Beton und 


(March 17, 1906). 
Vol. 4, p. 296 (December, 1905). 


Tank. Germany. 

34 ft. 6 ins. diam., 20 ft. high. 

“Beton und Eisen,” Vol. 65, Dp. 
1906). 


Tanks, 
26 ft. 6 ins. 
thick. 
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bo 


Hampton, Va. 


Engineers, Vol. 
Edwin Thacher. 


Standpipe. 
30 ft. 3 ins. 
ft.; rests on twelve 
columns 60 ft. long. 
‘Engineering Record,” 
24, 1907). 
Edward Pp. 
Engineer,” 
(March 9, 


Tank. 
On tower 
house. 
and 3%-in, roof, all 

panded metal. 

” Concrete Warehouse 
Doors and Water Tank.” 
News,” Vol. 58, p. 82 (July 

Standpipe. Waltham, Mass, 

Diam. 100 ft. 37 ft. deep. 

Tank. Germany. 

“Der Wasserturm 
Mich. Heimbach. 
Vol. 6, p. 247 


Tank. 

392 ft. high. 

“Beton und Eisen,” 
ber, 1907). 


Tank. 
32 ft. diam., 


1908. 2 Tanks. 

34 ft. diam., 
a tower 39 
diam., 5 ft. 

“Engineering 
(April 30. 1908). 

“Discussion of the Design 
Tanks and Standpipes,” 
Black, U. S. A. “Transactions” 
Society of Civil Engineers, Vol. 
(paper 1116; September, 1909). 


54, 


Part E, p. 


1906. Anaheim, Cal. 


Vol. 56 
“Concrete Water 
Bailey. “Municipal 

Vol. 28, Pp. 

1910; April 13, 1910). 


Kansas City, Mo. 
20 ft. high above 


Tank,” 
366, 


with 
25, 1907). 


in Hard-Fussach,” 
“Beton und 
(October, 1907), 


Shanghai, China. 
a 

Vol. 6, p. 
1967. 
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News,” 
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Tank. Atlanta, Ga. 100,000 Gals. 
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diam, at the ground, and 22 ft. inside 
diam. at 90 ft. above, Supporting a 


cylindrical tank. 
A Novel Reinforced Concrete 
Tank,” by R. B. Tufts. 
News,” Vol. 61, p. 22 (Jan. 7, 1909). 
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by R. B. Tufts. 
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Westerly, R.I. 


JOINTS BETWEEN VERTICAL WALLS AND BASE IN REINFORCED- 
CONCRETE STANDPIPES AT WESTERLY, R. I. AND ATTLEBORO, 


MASS. 
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“Municipal Engineering,” 
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Concrete 
“Engineering 
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270 (Novem- 
108,000 Gals. 
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Supported on 
bottom 30 ft. 


Vol. 59, Pp. 471, 571 


of Elevated 
Wm. M. 
American 
64, p. 539 


Tower and 

“Engineering 

“Re- 

Tower for the 

Atlanta,” 

“Engineering Record,” 
09). 


Capacity not Given. 
inside 
at which 
ins. 


by Edward P. 


375,000 Gals. 
walls 18 ins. 
round steel bars. 
New_ Haven, 
“Proceed- 


ings” 


Engi 


gineering News,” 
1908). 


Tank. 
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1909). 
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Standpipe. Brussels, 
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1909), by H. Prime Kieffer, 


2 Tanks. 
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“Engineering 


1; 
varies from 10 to § ins. 
“Engineering News,” 
1909). 


und Eisen,” Vol. 8, p. 


Sonora, mM, 


7 
diam., 90 ft. higl wal) 
Vol. 62, p 
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ng,” Vol. 28, P. 828 (June 
Belgium. 2 
145 ft. high. 
Age,” Vol 9, p. 299 ¢ 
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Record,” Vol. 6) 


Cal. 


(June 4, 1910). 
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Cajame, Sonora, Mexico. 


Dome aupported bottom. 


Engineer 
1910). 
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experienced 
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Standpipe. 
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1910. 
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Mix 1:146:3% of gr 
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62 ft. high. 


Westerly, R. I 


“Canadian Engineer,” Vol. 19, p 
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34, p. 284 (Oct. 5, 

Standpipe. 

“Le Genie Civil,” Vol, 
1910), 


“Engineering 
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Ixelles, Belgium. 
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labor. 4}, 


Lisbon Falls, Me. 91), 


> 654 “ 
70 ft. high, 14-j, 
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Standpipe. Mittagong, New So. Wales 


40 ft. 
thick 


“Engineering News,” 


Standpipe. 
46 ft. diam., 


diam., 
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40 ft. high: walls 
at bottom, 4% ins. at top 
Vol. 63, p. 

(This tank failed.) 


Rockland, Mass. 1,300 
104 ft. high. 
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40 ft. diam., 21 ft. high. 
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40 ft. diam., 


1911, Standp 


40 ft. d 
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Ed. 2 
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21 ft. high. 
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4G. 


& Sohn. $4.40. 


“Water Storage 
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Ta 


Standpipes,” by H. E. Horton 


of the 


Western Society of En 


Vol. 14, pp. 429, 432 (June, 1909) 
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— 
floor cl es to tension in wall. At the finish 
of a da vork near bottom of tank at or quite 
close to e Plane of weakness above indicated 
there be a direct movement outward of the 
wall ab relatively to that below, the joint 
when unl-* pressure, When the pressure is re- 
lieved t elasticity of the hoops would tend 
to draw wall back to its original position. 
It is a rent then that unless precautions are 
taken, ¢ r by the use of very low stresses in 
the hoo! 1 by the addition of vertical steel 
pars, tt may be a distinct movement back 
and fort n some joint in the standpipe. That 
this movement is present is further indicated by 
the fact it when a standpipe has been kept 
full of water for some time, the leakage through 


these joints almost entirely disappears, but on 


emptying the standpipe and refilling it the little 
dams formed have apparently been broken down, 
as the leakage again occurs as vigorously as at 
first. 


In the Westerly standpipe we endeavored to take 
care of this by increasing the amount of steel. 
At the lowest foot the stress was 6,000 lbs. per 
sq. in. This stress was increased 1,000 Ibs. for 
each foot height until we reached a maximum 
stress of about 12,500 Ibs. per sq. in. No vertical 
steel, however, was used, and on filling the 
standpipe we found with the maximum head of 
water that a small line of dampness occurred in 
a horizontal joint about 3% ft. above the floor 
of the tank. This damp place was nearly 30 ft. 
long. 

= reference to the accompanying figure show- 
ing the section of the base in these two stand- 
pipes will be seen the position of what I call the 
critical joint. On the section of the Westerly 
standpipe a diagram is shown indicating the 
forces existing from the weight of the wall and 
the outward pressure of water on the sloping 
corner. The resultant of these two forces is 
shown. Projecting this resultant backward to 
the inside face of the wall the point is found 
where compression probably changes to tension. 
This is the critical point. It also comes very 
close to the joint where the second day’s work 
left off. This is the joint that leaks. After the 
tank had been filled three weeks the leakage was 
just sufficient to dampen the surface but did not 
run down. If this point in a standpipe can be 
taken care of it is my belief that a standpipe 
can be made bottle tight. 

In addition to the leak near the bottom of the 

westerly standpipe, three spots, and only three, 
appeared which leaked. One very close to the 
floor caused by a breakdown in the mixer result- 
ing in a delay of an hour or so between batches 
of concrete, thus breaking the bond and destroy- 
ing the monolithicity of the floor. There was 
another one about 23 ft. up, and one about 40 ft. 
These were grouted under high pressure and 
stopped. The worst of the three leaks befor= 
they were grouted dripped one drop in six sec- 
onds. Very great caution was exercised in fin- 
ishing the joint between the days’ work. Two 
men were kept on into the night after concrete 
was placed to scrub the top surface of concrete 
very carefully with brushes and water to get 
the laitance off, and also to wash the surface 
of all stone showing on top as clean as it was 
before being mixed, because cement bonds very 
well to clean aggregates; but it does not bond 
well to old cement. Roughing strips were put 
in the wall to form a groove. These were also 
removed by the men in the evening. Before con- 
crete was placed the following day the surface 
was thoroughly washed with water, then coated 
with neat cement, which was rubbed in with a 
brush, and the grooves formed by the roughing 
Strips were filled with neat cement. 
The writer sees no objection from a purely 
theoretical standpoint, to making the wall of a 
Standpipe so strong that the concrete in tension 
will resist the water pressure. In the applica- 
tion he thinks there are exceptions that could 
legitimately be taken to some of the assump- 
tons, and that there are a number of practical 
objections applying to this method of design. 

The author mentions reinforcing against the 
bending moment between the floor and wall. In- 


oe as there is a joint at this point between 
roe works, in ‘this structure preventing any 
strengti 


oe le the concrete mass, and inasmuch as 
‘tis difficult for the steel to get such a bond in 


Mone » a ‘nd wall as to resist a bending moment 
‘hilton t sreat water pressure, it seems to the 
mie proper to apply this term tothe 
jn 7 len here éxistéd, The writer bélieves 
af i. Je stress to be here cared for is that 


nd believes with Mr. Andrews that it 


is wise ise &@ considerable-amount of steel for 
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this purpose. The writer has observed leakage 
through horizontal joints where there was no 
evidence of vertical cracks in the vicinity and 
believes that there is no relation between leak- 
age of one set of cracks and the other. 

Mr. Andrews, after determining by test the ul- 
timate tensile strength of a specimen of concrete 
about 4 ins. square, makes the assumption that a 
larger mass is 25% stronger. The writer thinks 
it is unfortunate that the actual test upon which 
this assumption is based were not given, inas- 
much as tension tests are rare and therefore are 
of very great value to engineers. Any such tests 
have entirely escaped the search of the writer. 
If, however, this assumption is based on compres- 
sion tests, a different conclusion will be reached 
by examination of recent tests made at the Wa- 
tertown Arsenal. It would appear that large 
specimens do not develop so high a unit stress 
as small specimens of the same proportion of 
materials. 

It is unfortunate, also, that the tests upon 
which the assumption that reinforced concrete 
develops 10% greater strength than plain con- 
crete are not given. If this is so it would be ex- 
tremely valuable to the engineering profession 
to have the actual data. The investigation of 
Professor Talbot, as given in the recent edition 
of “Concrete; Plain and Reinforced,” by Taylor 
and Thompson, gives the conclusion that rein- 
forcing does not affect the tensile strength. Mr. 
Andrews states, “If the section is reinforced, the 
ultimate fracture will not necessarily be at the 
point where the first crack develops. ...” In 
the writer’s opinion, ultimate failure is where 
the first crack develops in his structure. An ap- 
parent increase of strength will be due to the 
steel solely. The writer's opinion, therefore, is 
that no greater stress can be theoretically as- 
sumed for tension in concrete than that obtained 
by actual tests of plain specimens and also that a 
suitable factor of safety should be allowed on 
this. 

Assuming the theory to be worked out cor- 
rectly, the following practical objections seem to 
the writer sufficient to throw serious doubt on 
the value of this method of designing standpipes. 
In each of those in which the writer was inter- 
ested at one time during the placing of concrete 
an accident occurred delaying the work suffi- 
ciently to prevent its being truly monolithic. It 
is easy to make the inside face absolutely dense 
so as to be water-tight. However, it has been 
found quite difficult where two rings of steel have 
been used, and somewhat less difficult with a 
single ring to get absolute density around the 
bars. Any voids at this point reduce the cross- 
sectional area which is counted upon to resist 
tensile stress from water. There would also be 
an unequal stress on the inside and outside of a 
thick wall due to their distances from the center. 
The nature of these stresses makes it difficult to 
determine accurately their value, but it is prob- 
able that they would affect the uniformity of 
strength over the whole section somewhat. 
Moreover, shrinkage in a rich mixture of concrete 
setting in the air frequently produces cracks; 
and the larger the structure the more probable 
it is that cracks will actually exist. A single 
erack is sufficient to destroy the theory of the 
design. If the tank escapes cracks due to these 
causes when in service, it may receive them due 
to the difference in temperature in different sea- 
sons of the year between the outside and the 
inside. Finally, in actual tests made on beams 
where two identical specimens were made from 
the same batch of concrete, there was quite a 
wide difference in their strengths, and marked 
differences were noted between the strength of 
different batches. This irregularity, even when 
conditions are arranged for uniform and perfect 
results, is sufficient to throw doubt upon uni- 
formity of the tensile strength of concrete 
throughout so large a structure. 

By reference to the list of completed standpipes 
accompanying this discussion, it will be noted 
that several successful ones had thin walls, no- 
tably the one built years ago at Hull, Mass. 


MR. F. A. BARBOUR.*—The new basis of de- 
sign adopted by Mr. Andrews in which depend- 
ence is placed on the tensile resistance of the 
concrete, and the working stress of the steel 
so reduced that the resulting deformation will 
not crack the concrete, is of particular interest 
to designers of reinforced-concrete structures in- 
tended to hold water. 

The general practice has been to stress the 
steel from 12,000 to 15,000 Ibs. per sq. in., and to 


*Engineer, Boston, Mass. Designer of the At- 
“pleporo standpipe. 
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take no account of the tensile resistance of the 
concrete, building a wall thick enough to contain 
the metal and permit the placing of the concrete 
Since the deformation of steel stressed in excess 
of about 4,500 Ibs. per sq. in. exceeds the ultimate 
elongation of plain concrete, the construction of 
tanks in which the steel is worked at much 
higher stresses necessarily involves the cracking 
of concrete. The unknown factor in the problem 
has been as to the effect of the steel in develop- 
ing a greater elongation in the reinforced con 
crete before final rupture than would be the cass 
in plain concrete, or in distributing the deforma- 
tion in the concrete into such a multiplicity of 
minute cracks that leakage would not result, or 
if it did result these minute cracks might be 
spanned by an elastic wash or coating. Mr 
Andrews’ conclusion that in the Attleboro tank 
vertical cracks must have developed is not only 
true but inevitable from the basis of the design 
His assumption that such leakage as has oc 
curred—which it may be stated is less than in 
any other standpipe which I have had opportunity 
to examine, except those at Bridgewater and 
Westerly, R. I.—results from these _ vertical 
cracks, is not a necessary corollary. From the 
most careful examination of the Attleboro tank 
there has been found no relation between the lo 
cation of the leakage and these internal vertical 
cracks, as indicated by the water marks on thi 
internal surface when the standpipe is drying 
out. It is true that in the critical section wher: 
the side walls, subject to stretch, join the bot 
tom, there is a horizontal crack near which most 
of the leakage has developed, but even here, as 
appears from the work recently done in stopping 
these leaks, the explanation is found as much in 
imperfect concrete as in the existence of the hor 
izontal crack. 


Some months ago a successful attempt was 


made to stop the several leaks, then apparent, by 


grouting, and the method used may be of interest 
On the assumption that the repairs should be 
made when the wall was stretched to the maxi 


mum limit, the work was done with the tank full 
At the location of each leak a hole, larger on the 
inside, was cut into the wall exposing the steel 
This hole was filled with small crushed stone, 
held in place by a piece of wire netting, and the 
whole plastered over with mortar, a short length 
of %-in. pipe passing through this plaster. Neat 
grout was mixed and poured into an 18-in. length 
of 6-in. wrought-iron pipe with flanged top and 
bottom. From the bottom a lead pipe connected 
with the pipe in the wall, and to the top a large 
carbonic acid tank under 3,000 lbs. pressure was 
connected. By a valve any pressure could be 
brought to bear on the grout, shooting it into the 
hole in the wall back of the hardened plaster 
facing. As much as %-cu. ft. of grout was forced 
into the wall at one point, and through it for a 
distance of several feet where it again made its 
appearance at the surface. Obviously, the condli- 
tions found suggested that the leakage was here 
due more largely to imperfect placing of the con- 
crete around the steel, which was too close to 
gether, than to the horizontal crack 
from the deformation of the wall. 


resulting 


It is of interest to note that the steel when ex- 
posed was bright and clean. 

In the Attleboro tank there have been from 
time to time a few small leaks, but at no time 
has more than 1% of the entire surface been even 
damp, a result that indicates that 1:2:4 concrete, 
properly placed, can be made watertight, although 
it may be better judgment to use a richer mix- 
ture. 


It is nqt intended by the foregoing statement 
to assert that the deformation of concrete be- 
yond its ultimate elongation is not the cause of 
leakage, but merely that in the Attleboro struc- 
ture this result has not been indicated by the 
actual location of the leakage. That leakage in 
creases with changing deformation is, however, 
made evident by the fact that the tank, if kept 
full, or at a nearly constant level, tends to be- 
some absolutely watertight. If, however, the 
tank is emptied and refilled, the leakage is al- 
ways greater than before emptying—presumabiy 
the lime carbonate which had plugged the open- 
ings being crushed by the contraction of the steel 
as the pressure is removed. Again, it is of inter- 
est to note that there has been no leakage at the 
point where the gatehouse joins the standpipe 
Whether this is because the gatehouse is on the 
shady side of the wall, or because it serves as an 
anchorage from which deformation starts, is per- 
haps debatable. 

Returning to the basis of design adopted by Mr. 
Andrews there can be no question that if by 
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working the concrete in tension the stresses in 
the steel can be kept below the point where the 
stretch of the wall will crack the concrete, one 
possible cause of leakage will be removed. It is 
to be noted, however, that if because of imperfect 
placing a weak point is developed and the con- 
erete cracks, the steel will be deformed more 
than under the basis of design used in other 
tanks; and herein lies the risk. Further, it would 
seem that Mr. Andrews has failed to take into ac- 
count the contraction of the concrete in setting, 
with the resulting condition that the concrete is 
already in tension and the steel in compression. 
How far this will reduce the effective strength 
of the concrete in resisting bursting stresses, an:l 
just how the two materials will work together 
in a’relatively thick wall, must be demonstrated. 


MR. SANFORD E. THOMPSON.*—The design of 
the Rockland reservoir is such a departure from 
previous methods of construction that a further 
word in regard to the methods of computation 
may be in order. 

As the author of the paper has stated, the usual 
plan In the design of reinforced tanks or stand- 
pipes is to disregard the concrete except as a 
membrane for embedding the steel and furnishing 
a curtain to hold the water The steel is de- 
signed, on the other hand, to take all the ten- 
ston due to the water pressure. In Mr. Andrews’ 
design the special feature is thé fact that the con- 
crete is designed to take a part of the tension. 
This, while a departure from common practice, 
is not a departure from theories which have been 
proved and accepted. 


When a combination of steel and the concrete 
in which it is embedded is pulled, as in the bot- 
tom of any reinforced-concrete beam, they 
stretch together—provided the bars are sma!) 
enough to give plenty of surface so as to prevent 
slipping—until the tensile strength of the con- 
crete is reached. This is evidenced in numerous 
tests of beams made by various experimenters, 
which show conclusively that where the concrete 
adheres to the steel, the two act as one in the 
early part of the loading. In other words, these 
two materials stretch together, and as long as 
they are bonded together, they lengthen out uni- 
formly. Now, from the principles of mechanics, 
within the elastic limits the stress equals the 
stretch in a unit length multiplied by the modu- 
lus of elasticity. Therefore, so long as the steel 
and the concrete stretch the same, on account 
of their bond, the stress in each material is in- 
versely proportional to their modulus of elasticity 
and their area of section. Thus, if, at a certain 


load, the stress in the concrete is 284 lbs. per 
sq. in., its stretch with modulus of elasticity 
284 


E = 3,000,000, will be —— 
3,000,000 





= 0.000095-in. per 


inch of length. In like manner, the stress in the 
steel is the same stretch, 0.000095-in., times its 
modulus of elasticity or since in steel, E = 30,- 
000.000, the stress in steel is 30,000,000 times 
0.000095 = 2,840 lbs. per sq. in. This is irre- 
spective of the areas of section of either the 
concrete or the steel. 

The strength, however, is proportional to the 
areas, and hence if we have 423 sq. ins. of con- 
crete and 9.4 sq. ins. of steel, the two together 
would resist (423 by 284) + (9.4 by 2,840) = 146,709 
Ibs. 

The theory is the same as in columns having 
vertical reinforcement. The steel and the con- 
crete act together in this way until the breaking 
strength of the concrete is reached, then the con- 
crete breaks in a crack very fine at first, and the 
entire load is immediately given to the steel. It 
is evident, then, if we provide enough concrete so 
that its working strength in tension (together 
with the steel acting with it, as above) is not 
ex,e: ded, no cracks should occur. 


As a matter of fact, the reservoir, then, is de- 
signed iike the tension side of a beam in the 
early stages of its loading before the minute 
cracks are formed. As a matter of safety, to be 
sure that the reservoir will not fail in case the 
concrete should crack from any unforeseen cause, 
enough steel is provided so that, even if it has 
to take all the tension or pull, the stress in it 
will not exceed 16,000 ibs. per sq. in. This is a 
higher allowable stress than is generally allowed 
in tank construction, because it is simply to 
guard against a contingency. In case it should 
be stressed to this amount, the reservoir would 
still be safe, although it would be apt to leak 
slightly at the point of crack. Under any con- 
ceivable conditions, therefore, it would appear 
that the reservoir would be safe. 


*Engineer, Newton Iighiands, Mass. 
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A Massive Concrete Statue. 


By ROBERT H. MOULTON.* 


Lorado Taft's statue of Blackhawk, the famous 
Indian chief of early Illinois fame, was unveiled 
at Oregon, Ill, on July 1, 1911. The statue is 
48 ft. high, exclusive of the base, and repre- 
sents a new departure in concrete construction, 
as applied to the art of real sculpture. 

The statue of Blackhawk was three years in 
process of making. This estimate includes the 
time required in making plans, a model, and 
also a whole summer’s work which had to be 
done over again when a cyclone blew away the 
first wooden structure used in connection with 
the modeling of the gigantic figure. 

The exact site for the statue was determined 
by placing a rough 20-ft. model in different 
places on a lofty promontory, 250 ft. high, over- 
looking the Rock River, and then viewing it 





Concrete Statue of Black Hawk Overlooking the 
Rock River Valley. 


from many points. It was found, however,-that 
the height and distances were so great that a 
statue of this size would be too small, and so it 
was decided to enlarge it to almost 5) ft., and 
to place it on the most prominent part of the 
cliff. As the statue now stands it is visible on 
a clear day from points 20 miles away. 

Many difficult engineering problems had to be 
met and solved in building the statue. The first 
model was of plaster, 6 ft. high. This was en- 
larged by careful measurement to a frame of 
scantlings around a central shaft. When the 
whole figure had been framed in lumber the sur- 
face was made by stretching wire netting over 
the timbers. Over these forms burlap was fast- 
ened with nails. Later, the burlap was painted 
over with plaster of paris, giving the appearance 
of a plaster cast. Meanwhile the head was 
modeled in clay and cast by the usual process, 
the piece mold being saved for use again in cast- 
ing the concrete. Next a 3-in. mold of plaster 
was placed around the entire figure. Over ten 
tons of plaster were required for this and many 
heavy timbers to support it. Finally everything 
was taken out of the mold and the entire space 
filled with concrete, only leaving a shaft 6 ft. 
in diameter running the whole length of the 
figure. An opening back of the statue allows a 
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cig 
man to pass up the shaft and to lo oa 
visible windows placed at the top. * 

An assistant to Mr. Taft had th: han 
work in charge and a corps of thr. Prag 
kept busy from the time the work ier 
started until the completion of the le po 
concrete was poured about eight = c Py 
and the outer mold not removed unt; ‘“ # 
the unveiling, as it was desired that + ~ mas... 
should have ample time in which “3 
motor-driven hoist was used in «a: iting a 
concrete. “er 

The statue contains 2,275 cu. ft., ite. tons 
weight, including the foundations, is © 5,77 »,. 
The total maximum of wind pres: as 
figure was figured by the consultin: ongine.. 
to be 28,980 lbs., and the overturn: effort te 
wind pressure, 673,785 Ibs. The t moment 
of resistance to wind pressure act threes 
center of gravity on the 18-ft. bas £ 830 Gon 
Ibs. The base of the statue is of con rte. 18 i 
square and 4 ft. deep. . 

Street Car Ventilation.” 
By W. THORN. 

The usual method of obtaining ventilation street cars 
has been to provide a monitor deck in b are 
number of small windows that can be opened and th 
give a certain amount of ventilation. Nearly all car. 
have been built in this manner. The ventilation afforded 
by these small windows is largely by dilution; that \ 
such air as may enter these windows serves to freshen 


the air in the car. It is very doubtful, however, jf tyis 
action extends far enough down into the car body to pro- 
vide reasonably fresh air in the so-called “breathing 
zone."’ Furthermore, attempts to bring in enough ai 
so that the fresh air is available in the breathing zone 
almost invariably result in strong drafts which are very 
objectionable to passengers. ; 

The monitor window method of ventilation has bee 
generally considered adequate. Studies made of tas 
method of ventilation, however, show that it is alm 
impossible to accomplish good results without the pre-enve 
of strong drafts and chilling the air in the car below 
the proper temperature. 

The problem of providing adequate ventilation in a 
street car is not easy of solution. The difficu’’ « 
from several causes, among which may be m¢ 


comparatively small capacity of a car body in wailed 
many people are carried, also the various desires ani 
whims of passengers as to proper ventilation, and th 


necessity for preventing crafts and chilling the eir below 
the temperature required by the authorities 

The need for better ventilation than that afforded by 
the monitor or deck windows is much greater with modern 
prepayment cars than with the double-end type o! 
On the former the front platform is closed, while on the 
other cars it is open; therefore the air cannot circulate 
so freely through the prepayment type of car as throug) 
the double-entrance type when stops are made and the 
doors are opened to take on or discharge passengers 

To meet the need for better car ventilation several! de- 
vices have been developed and are now on the marke! 
The designers of some of these devices recognize that 
heating and ventilation should go together and have 
worked out their apparatus with this end in view. Thew 
ventilating devices or systems consist of two general 
types: (1) Those which depend upon the speed of the cat 
for their operation, and all such devices work on the as 
pirator principle; (2) those which use mechanical means 
for circulation of the air and are practically independen! 
of the speed of the car; mechanical systems of both the 
exhauster and blower principle have been brought out. 

Authorities differ as to the amount of air to be suv 
plied per person per hour in order to provide adequate 
ventilation. An ordinance of the city of Chicago rf 
quires that inthe ventilation of street cars not less that 
350 cu. ft. of air per hour per passenger ()ased on Mar 


imum seated and standing load) shall be supplied, p> 
vided, however, that the carbon dioxide shal! not exceed 
10 parts in 10,000 parts of the air in the car. The 30 


cu. ft. of air per hour per passenger shal! be brought ia 
through the openings or intakes provided for the purpose 
There will also come into the car through cracks, crevic# 
and the opening of doors a considerable vo ume of ait 
The ordinance further provides that the air ' a 
shall be brought into the car below the average level ® 
the heads of the seated passengers and be takes oat 
above the heads of the standing passengers. «nd tbs! ‘ 











intakes be so constructed as to exclude J - 
provides that there shall be maintained wit!'2 4.” 
average temperature not lower than 50° F. as 
There have been several ventilating syst: -) ' 
eeting 
*Abstract of a read_at the semi-an0\.t! meeting 
of the American viet ese = sting 
neers at Chicago, Ju . also a pave of 
entilation of Sleeping Cars” in Enginee:ag Neve 
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both the mechanical and automatic types, 


Chicago . 
which 8 assigned on the basis of the above outlined 
ordinan< Several hundred cars have been equipped 
with su entilating systems. 


The u sical system* consists of a motor-driven ex- 
weated on the vestibule roof, an exhaust 


pew med above the ceiling of the car, openings 
located rious points in the ceiling, aud intakes lo- 
cated at eral points in the fleor and connected to 
the elect heaters. The fan-motor set consists of a 


%-HP. | - direct connected to a specially designed 
) which will handle about 33,000 cu. ft. of 


9-in. cor 

ae - under normal conditions of line voltage. 
The mot connected direct to the 500-volt trolley 
reuit through a standard combination snap switch and 
fuse, and started and stopped by means of this switch. 
The motor and fan are mounted in a suitable metal 


housing, wich is connected to the exhaust chamber. 
The fan harges through protected openings in each 
side of the housing. 

The exhaust chamber in the upper part of the car is 
formed by dropping the ceiling about 4 ins. below the 
root framing and is continuous from end to end of the 
ar body. Communication between the car interior and 
the exhaust chamber is provided by 14 openings, each 
containing a circular adjustable register. By proper 
adjustment of the registers, a uniform velocity of air 
through all of them is obtained. The intakes are eight 
in number, four being located on each side of the car, 
under the seats, in such a manner as to be ready 
connected to the electric heaters. The connection between 
the screened opening through the car floor and the elec- 
tric heater is made with a pressed metal duct. The size 
and number of the intakes are such as to permit of a 
maximum velocity of the air of about 400 ft. per minute, 
which is hardly perceptible to passengers. 

The automatic systems installed are of several different 
kinds, but all depend upon aspirator action for their 
operation. One of these automatic systems, which has 
shown good results, comprises a number of ‘‘exhausters” 
located along each side of the monitor roof and attached 
to panels placed in the monitor or deck wii dow open- 
ings. An opening in the panel communicates with the 
“exhauster.”” Intakes similar to those described in 
connection with the mechanical system are located in 
the floor and provide for a supply of fresh air. The 
“exhausters’’ are rectangular sheet metal boxes projecting 
outwardly from the panels to which they are secured, 
having openings top and bottom, and provided on the 
middle of each side face with V-shaped projections. The 
projections are placed horizontally on the faces of the 
exhaust rs and “‘split’’ the air into two streams, one flow- 
ing ur ord and the other downward. The air streams 
flow pas. the openings of the exhausters and by induc- 
tion draw the air out from the car. 

The impression has generally prevailed that thorough 
ventilation could not be effected without increasing ihe 
amount of energy used for the heating of the car. Ex- 
perience with the deck window method of ventilation in 
which tae heating and ventilating systems are not closely 
related is undoubtedly responsible for this impression. 
Tests conducted on street cars with ventilating systems, 
such as have been described, where the air in coming 
into the car passes first over the heating units and then 
is drawn up through the car and taken out at the top, 
demonstrate, however, that it is entirely possible to heat 
a car to substantially the same temperature with this 
system as when the deck window method is used, and 
with no greater expenditure of energy. 

The reason for this lies in the greater efficiency of the 
heating units when working upon a continuous flow of 
fresh alr passing over the heating surface as against the 
ordinary practice of placing the heating units in prac- 
tically a dead air space where a considerable amount of 
the heating energy is lost in raising the temperature of 
surrounding parts of the car, such as the seats and the 
adjacent woodwork. 

Tests made on both the mechanical and the so-called 
automatic systems show that it is possible to provide an 
air change in the cars about every three minutes, and 
this without the presence of objectionable drafts or the 
need of any more than the usual amount of energy for 
beatiag purposes. 


—— —_ ——e—————_—— 


_ Heavy Fines for Smoke Production have been 
‘mposed upon the Erie R. R. and the Pennsyl- 
vania R. R. as the result of the recent trial in 
pe: Second Criminal Court-of Jersey City, N. J. 
On July 15 Judge Queen rendered a decision in 
a he announced them guilty of violating 
os city smoke ordinance and fined each road 
1. wet Say for every day that they were proven 
pe oa violated the ordinance. The total fines 

iis basis amounted to $4,950 for the Penn- 


‘Ys. nia and $8,650 for the Erie R. R. 

call ction for $50,000 damages from smoke and 
R . . been brought against the Pennsylvania 
-s St. Anthony’s Polish Catholic Church, 


aun City. 
“Engincering News, 1.96, 28, 1900. 


Edward P. North. 


Among the guests invited to the luncheon 
given to Mr. Geo. H. Frost on July 7 was Mr. 
Edward P. North. Word was received that he 
Was confined to his house by illness. His death 
occurred on July 20. 

Mr. North ‘was a well-known figure among 
the older members of the American Society of 
Civil Engineers resident in New York City. He 
was the son of Dr. Milo L. North of Saratoga 
Springs, N. Y. He graduated from Union Col- 
lege in the class of 1856 and shortly afterward 





He was active in the 
period of Pacific railroad construction and served 


began engineering work. 


as Superintendent of Tunnel Building on the 
Union Pacific R. R. In 1895 he was appointed 
Water Purveyor of New York City. In the early 
’80’s Mr. North was for some time a frequent 
contributor to Engineering News. He always 
took an active part in the work of the American 
Society of Civil Engineers. The first volume of 
the present series of “Transactions” contains 
papers by him on “Blasting with Nitro-Glycer- 
ine’ and on “Memoranda of Two Blasts Fired 
April, 1869, on the Union Pacific R. R.” He re- 
ceived the Norman Medal from the Society for 
his paper on “The Construction and Maintenance 
of Roads,” read in 1879. This paper summarized 
the results of study of European road practice 
during a period of residence abroad. He joined 
the Society in 1867 and had been a member there- 
fore, for 44 years. 

He married Kate L. Westcott 
Springs, who survives him. 


of Saratoga 


ete eee 


The Boiler Explosion on the British torpedo- 
boat destroyer “Kangaroo” July 21, caused the 
death of two men and the injury of several 
others. The accident occurred during a speed 
trial off Beachy Head, England. 


—— 


A Butting Collision of Trolley Cars on the 
track of the North Jersey Rapid Transit Co., at 
Ridgewood, N. J., July 21, resulted, according to 
reports, from disregard of his own running rules 
by the Superintendent, F. J. Pilgrim, of Paterson, 


im. oe Mr. Pilgrim was himself acting as motor- 
man of an inspection car, south bound, and at- 
tempted apparently to reach the turn-out switch 
at Glen Rock ahead of a regular passenger car 
running on schedule time The two cars met 
at a curve where the track ahead is hidden by 
a grove of trees, so that the motormen had little 
time to reduce speed The forward half of each 
car was crushed and splintered Superintendent 
Pilgrim, the passenger car's motorman and one 
passenger were killed, while 15 others were badly 
injured. 

According to the official statement of the North 
Jersey Rapid Transit Co., the block signals were 
not in working order at the time of the colli- 
sion. The company’s statement 
following: 


includes the 


The severe electrical storm earlier in the day 
damaged several blocks, including the Ridge- 
wood Avenue-Glen Rock block, so that they were 
out of order for several hours, and Mr. Pilgrim 
was on his way to make the necessary repairs 
to_this block when the accident occurred. 

Mr. Pilgrim, the Superintendent, was a capable, 
efficient, and careful man, and had, while in the 
employ of this company, given much time and 
thought to the reduction of accidents in train 
operation, and had designed and invented several 
safety devices now in use by this company, which 
are improvements on any devices heretofore used 
by electrical railways. 

inicvneitctieiinatoctiltaiieeninititid 

A Mine Rescue Tournament will be held at the 
experiment station of the Bureau of Mines at 
Arsenal Park in Western Pennsylvania on Sept 
16. Contests will be held in first-aid work, fire 
fighting and the use of oxygen helmets, and a 
number of new safety devices will be given a 
trial. 

tiniasncajaniieedlitieabantiitnaisit 

A Sewer Trench Cave-in at Muskogee, Okla., 
July 24, killed seven workmen Three men were 
first entombed and had been nearly dug out when 
a second slide reburied them together with their 
four rescuers. 

ciehannibimaretieiicdiip 

An Explosion in the Power Plant of the Illinois 
Traction Co. at Riverton, Ill, seven miles east 
of Springfield, July 20, killed two men and seri- 
ously injured two others Reports state that 
the men had just finished reassembling a larg 
Corliss engine which had been dismantled for 
repairs. It appears from the 
available that one of the cylinder covers was 
blown off when the steam was first turned on 
and that the cylinder of a smaller engine in oper- 
ation nearby was burst open by a piece of flying 
metal. 





press accounts 


?>--—-_——-- - 

Municipal Ownership of Street Railways is to 
be put in force at Winnipeg, Man., Press dis- 
patches state that Mayor Evans of Winnipeg an- 
nounced on July 20 that the city authorities have 
decided to purchase the entire plant of the 
Winnipeg Electric Ry. Co., including its hy- 
draulic power plant and the gas and electric-light 
plant which it owns. 

———---—-—-_ o@— _— 

The Bridgeport Wreck of the Federal Express 
on the New York, New Haven & Hartford R. R 
on July 11, has been reported on by the coroner's 
jury, which finds criminal negligence on the part 
of the engineman for speeding over the cross- 
over; and criminal negligence on the part of the 
railway company for maintaining “an inherently 
dangerous and short cross-over on fast express 
trunk line tracks, and in relying on a rule gov- 
erning the use thereof; ...a longer and more 
gradual cross-over, with its accompanying di- 
minution in degree of angle, would have elimin- 
ated the danger of this situation.” The inquiry 
brought out satisfactory evidence that the proper 
signals had been set against the train, and that 
the engineman was in good health. The coroner 
recommended that the railway company consider 
the advisability of having two enginemen on fast 
trains “with no division of responsibility between 
them and that safety be considered above all 
speed hazards.” The coroner considered that by 
this means the chance of passing danger signals 
would be minimized. He censured the railway 
company for requesting enginemen to make up 
lest time by fast running between stations. 

$$ 

Rapid Transit Subway construction in New York 
City, after many months of delay on account of 
negotiations between the city authorities and the 
railway companies, is now to go forward. The 
Board of Estimate on July 20 voted to proceed 
with the construction of additional rapid-transit 
subway lines under the terms of an offer made by 
the Brooklyn Rapid Transit Co. The total outlay 
involved in the new system is about $123,000,000 
for new construction, besides about $27,800,000 in 
lines which are now being bulit. The Brooklyn 
Rapid Transit Co., under the terms of the offer, is 
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working the concrete in tension the stresses in 
the steel can be kept below the point where the 
stretch of the wall will crack the concrete, one 
possible cause of leakage will be removed. It is 
to be noted, however, that if because of imperfect 
placing a weak point is developed and the con- 
erete cracks, the steel will be deformed more 
than under the basis of design used in other 
tanks; and herein lies the risk. Further, it would 
seem that Mr. Andrews has failed to take into ac- 
count the contraction of the concrete in setting, 
with the resulting condition that the concrete is 
already in tension and the steel in compression. 
How far this will reduce the effective strength 
of the concrete in resisting bursting stresses, and 
just how the two materials will work together 
in a’relatively thick wall, must be demonstrated. 


MR, SANFORD E. THOMPSON.*—The design of 
the Rockland reservoir is such a departure from 
previous methods of construction that a further 
word in regard to the methods of computation 
may be in order. 

As the author of the paper has stated, the usual 
plan In the design of reinforced tanks or stand- 
pipes is to disregard the concrete except as a 
membrane for embedding the steel and furnishing 
a curtain to hold the water The steel is de- 
signed, on the other hand, to take all the ten- 
sion due to the water pressure. In Mr. Andrews’ 
design the special feature is thé fact that the con- 
crete is designed to take a part of the tension. 
This, while a departure from common practice, 
is not a departure from theories which have been 
proved and accepted. 


When a combination of steel and the concrete 
in which it is embedded is pulled, as in the bot- 
tom of any _ reinforced-concrete beam, they 
stretch together—provided the bars are smal!) 
enough to give plenty of surface so as to prevent 
slipping—until the tensile strength of the con- 
crete is reached. This is evidenced in numerous 
tests of beams made by various experimenters, 
which show conclusively that where the concrete 
adheres to the steel, the two act as one in the 
early part of the loading. In other words, these 
two materials stretch together, and as long as 
they are bonded together, they lengthen out uni- 
formly. Now, from the principles of mechanics, 
within the elastic limits the stress equals the 
stretch in a unit length multiplied by the modu- 
lus of elasticity. Therefore, so long as the steel 
and the concrete stretch the same, on account 
of their bond, the stress in each material is in- 
versely proportional to their modulus of elasticity 
and their area of section. Thus, if, at a certain 
load, the stress in the concrete is 284 Ibs. per 
sq. in., its stretch with modulus of elasticity 

284 

E = 3,000,000, will be ————— 
3,000,000 
inch of length. In like manner, the stress in the 
steel is the same stretch, 0.000095-in., times its 
modulus of elasticity or since in steel, E = 30,- 
000.000, the stress in steel is 30,000,000 times 
0.000095 = 2,840 lbs. per sq. in. This is irre- 
spective of the areas of section of either the 
concrete or the steel. 

The strength, however, is proportional to the 
areas, and hence if we have 423 sq. ins. of con- 
crete and 9$.4 sq. ins. of steel, the two together 
would resist (423 by 284) + (9.4 by 2,840) = 146,709 
Ibs. 

The theory is the same as in columns having 
vertical reinforcement. The steel and the con- 
crete act together in this way until the breaking 
strength of the concrete is reached, then the con- 
crete breaks in a crack very fine at first, and the 
entire load is immediately given to the steel. It 
is evident, then, if we provide enough concrete so 
that its working strength in tension (together 
with the steel acting with it, as above) is not 
exo. ded, no cracks should occur. 


= 0.000095-in. per 


As a matter of fact, the reservoir, then, is de- 
signed iike the tension side of a beam in the 
early stages of its loading before the minute 
cracks are formed. As a matter of safety, to be 
sure that the reservoir will not fail-in case the 
concrete should crack from any unforeseen cause, 
enough steel is provided so that, even if it has 
to take all the tension or pull, the stress in it 
will not exceed 16,000 Ibs. per sq. in. This is a 
higher allowable stress than is generally allowed 
in tank construction, because it is simply to 
guard against a contingency. In case it should 
be stressed to this amount, the reservoir would 
still be safe, although it would be apt to leak 
slightly at the point of crack. Under any con- 
ceivable conditions, therefore, it would appear 
that the reservoir would be safe. 





*Engineer, Newton I[lighiands, Mass. 





A Massive Concrete Statue. 
By ROBERT H. MOULTON.* 


Lorado Taft’s statue of Blackhawk, the famous 
Indian chief of early Illinois fame, was unveiled 
at Oregon, Ill, on July 1, 1911. The statue is 
48 ft. high, exclusive of the base, and repre- 
sents a new departure in concrete construction, 
as applied to the art of real sculpture. 

The statue of Blackhawk was three years in 
process of making. This estimate includes the 
time required in making plans, a model, and 
also a whole summer’s work which had to be 
done over again when a cyclone blew away the 
first wooden structure used in connection with 
the modeling of the gigantic figure. 

The exact site for the statue was determined 
by placing a rough 20-ft. model in different 
places on a lofty promontory, 250 ft. high, over- 
looking the Rock River, and then viewing it 





Concrete Statue of 
Rock River Valley. 


from many points. It was found, however,-that 
the height and distances were so great that a 
statue of this size would be too small, and so it 
was decided to enlarge it to almost 50 ft., and 
to place it on the most prominent part of the 
cliff. As the statue now stands it is visible on 
a clear day from points 20 miles away. 

Many difficult engineering problems had to be 
met and solved in building the statue. The first 
model was of plaster, 6 ft. high. This was en- 
larged by careful measurement to a frame of 
scantlings around a central shaft. When the 
whole figure had been framed in lumber the sur- 
face was made by stretching wire netting over 
the timbers. Over these forms burlap was fast- 
ened with nails. Later, the burlap was painted 
over with plaster of paris, giving the appearance 
of a plaster cast. Meanwhile the head was 
modeled in clay and cast by the usual process, 
the piece mold being saved for use again in cast- 
ing the concrete. Next a 3-in. mold of plaster 
was placed dround the entire figure. Over ten 
tons of plaster were required for this and many 
heavy timbers to support it. Finally everything 
was taken out of the mold and the entire space 
filled with concrete, only leaving a shaft 6 ft. 
in diameter running the whole length of the 
figure. An opening back of the statue allows a 
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man to pass up the shaft and to lo — 

visible windows placed at the top. ? 

An assistant to Mr. Taft had th. " 
work in charge and a corps of thr. a 
kept busy from the time the work ce 
started until the completion of the ae 
concrete was poured about eight ) ;). ™ 
and the outer mold not removed unt; g eae 
the unveiling, as it was desired that - ima’ 
should have ample time in which ‘nou 
motor-driven hoist was used in «a: ia z 
concrete, ' 
The statue contains 2,275 cu. ft., its totg 
weight, including the foundations, is .j,77 .. 
The total maximum of wind pres: na 
figure was figured by the consultin: ongine.. 
to be 28,980 lIbs., and the overturn:: effort 
wind pressure, 673,785 Ibs. The t: moment 
of resistance to wind pressure act): throug, 
center of gravity on the 18-ft. bas: 4,930 42 
Ibs. The base of the statue is of concrte. 18 te 


square and 4 ft. deep. 
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he designers of some of these devices recogmiae | 
heating and ventilation should go together and” 
worked out their apparatus with this end in view. The 
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ventilating devices or systems consist of two general 
types: (1) Those which depend upon the speed of the cat 
for their operation, and all such devices work on the as 
pirator principle; (2) those which use mechanical means 
for circulation of the air and are practically independen! 
of the speed of the car; mechanical systems of both the 
exhauster and blower principle have been brought out. 
Authorities differ as to the amount of air to be sur 
plied per person per hour in order to provide adequate 
ventilation. An ordinance of the city of Chicago rt 
quires that inthe ventilation of street cars not less thal 
350 cu. ft. of air per hour per passenger (based on mar 
imum seated and standing load) shall be supplied, pr 
vided, however, that the carbon dioxide shal! not exceed 
10 parts in 10,000 parts of the air in the car. The 30 
cu. ft. of air per hour per passenger shal! be brought in 
through the openings or intakes provided for the purpose 
There will also come into the car through cracks, crevice 
and the opening of doors a considerable vo ume of ait 


The ordinance further provides that the air ‘or ventilatss 
shall be brought into the car below the avirase leit © 
taken 0% 


the heads of the seated passengers and ‘¢ e 
above the heads of the standing passengers, «nd tbs! O° 








intakes be so constructed as to exclude dust. / - 

provides that there shall be maintained wi'>'s 4 wor 2 

average temperature not lower than 50° F. are 
There have been several ventilating sy*' ans Ne 

: ‘Dg 

*Abstract of a read at the semi-an:\.! meet 

of the American ret of Heating and V: ilating B® 


6, 7. See also a paver oP 


gineers at Ch . Ju » “in Engineer:ag News ot 
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both the mechanical and automatic types, 


Chicago 

which 4 esigned on the basis of the above outlined 
ordinan< Several hundred cars have been equipped 
with su entilating systems. 


The iical system* consists of a motor-driven ex- 
weated on the vestibule roof, an exhaust 


aaa med above the ceiling of the car, openings 
located irious points in the ceiling, aud intakes lo- 
cated at eral points in the floor and connected to 
the elec! heaters. The fan-motor set consists of a 


4-HP. r direct connected to a specially designed 
n which will handle about 33,000 cu. ft. of 


Q-in. CO! 
air per hour under normal conditions of line voltage. 
The mot is eonnected direct to the 500-volt trolley 


Jpeuit through a standard combination snap switch and 


fuse, and is started and stopped by means of this switch. 
The motor and fan are mounted in a suitable metal 
housing, which is connected to the exhaust chamber. 
The fan harges through protected openings in each 


side of the housing. 

The exhaust chamber in the upper part of the car ts 
formed by dropping the ceiling about 4 ins. below the 
roof framing and is continuous from end to end of the 
car body. Communication between the car interior and 
the exhaust chamber is provided by 14 openings, each 
containing a circular adjustable register. By proper 
aainetment of the registers, a uniform velocity of air 


Pe 


OFF 











“to have violated the ordinance. 





pénditure of energy. 
son for this lies in the greater efficiency of the 


"heating units when working upon a continuous flow of 


fresh air passing over the heating surface as against the 
ordinary practice of placing the heating units in prac- 
tically a dead air space where a considerable amount of 
the heating energy is lost in raising the temperature of 
surrounding parts of the car, such as the seats and the 
adjacent woodwork. 

Tests made on both the mechanical and the so-called 
automatic systems show that it is possible to provide an 
air change in the cars about every three minutes, and 
this without the presence of objectionable drafts or the 
need of any more than the usual amount of energy for 
heating purposes. 


— — .—@e——_—_—_——— 


Heavy Fines for Smoke Production have been 
imposed upon the frie R. R. and the Pennsyl- 
Vania R. R. as the result of the recent trial in 
the Sec; nd Criminal Court-of Jersey City, N. J. 
On July 15 Judge Queen rendered a decision in 
oon he announced them guilty of violating 
as city smoke ordinance and fined each road 
°” per day for every day that they were proven 
pet The total fines 
; _ ‘sis amounted to $4,950 for the Penn- 
ys. nia and $3,650 for the Erie R. R. 

A: action for $50,000 damages from smoke and 


2 aos been brought against the Pennsylvania 
= a St. Anthony’s Polish Catholic Church, 


City. 
“Engincering News, T.e¢, 23, 1900. 


Edward P. North. 


Among the guests invited to the luncheon 
given to Mr. Geo. H. Frost on July 7 was Mr. 
Edward P. North. Word was received that he 
was confined to his house by illness. His death 
occurred on July 20. 

Mr. North ‘was a well-known figure among 
the older members of the American Society of 
Civil Engineers resident in New York City. He 
was the son of Dr. Milo L. North of Saratoga 
Springs, N. Y. He graduated from Union Col- 
lege in the class of 1856 and shortly afterward 





ork. He was active in the 
oad construction and served 
imine me enmcere f Tunnel Building on the 
Imion Pacific R. R. In 1895 he was appointed 
Water Purveyor of New York City. In the early 
’80’s Mr. North was for some time a frequent 
contributor to Engineering News. He always 
took an active part in the work of the American 
Society of Civil Engineers. The first volume of 
the present series of “Transactions” contains 
papers by him on “Blasting with Nitro-Glycer- 
ine” and on “Memoranda of Two Blasts Fired 
April, 1869, on the Union Pacific R. R.” He re- 
ceived the Norman Medal from the Society for 
his paper on “The Construction and Maintenance 
of Roads,” read in 1879. This paper summarized 
the results of study of European road practice 
during a period of residence abroad. He joined 
the Society in 1867 and had been a member there- 
fore, for 44 years. 
He married Kate L. Westcott 
Springs, who survives him. 


of Saratoga 


——_——_—_—_e—______ 


The Boiler Explosion on the British torpedo- 
boat destroyer “Kangaroo” July 21, caused the 
death of two men and the injury of several 
others. The accident occurred during a speed 
trial off Beachy Head, England. 


a ee 


A Butting Collision of Trolley Cars on the 
track of the North Jersey Rapid Transit Co., at 
Ridgewood, N. J., July 21, resulted, according to 
reports, from disregard of his own running rules 
by the Superintendent, F. J. Pilgrim, of Paterson, 


N. J. Mr. Pilgrim was himself acting as motor- 
man of an inspection car, south bound, and at- 
tempted apparently to reach the turn-out switch 
at Glen Rock ahead of a regular passenger car 
running on schedule time. The two cars met 
at a curve where the track ahead is hidden by 
a grove of trees, so that the motormen had little 
time to reduce speed The forward half of each 
car was crushed and splintered Superintendent 
Pitzrim, the passenger car's motorman and one 
passenger were killed, while 15 others were badly 
injured. 

According to the official statement of the North 
Jersey Rapid Transit Co., the block signals were 
not in working order at the time of the colli- 
sion. The company’s 
following: 


Statement includes the 


The severe electrical storm earlier in the day 
damaged several blocks, including the Ridge- 
wood Avenue-Glen Rock block, so that they were 
out of order for several hours, and Mr. Pilgrim 
was on his way to make the necessary repairs 
to_ this block when the accident occurred. 

Mr. Pilgrim, the Superintendent, was a capable, 
efficient, and careful man, and had, while in the 
employ of this company, given much time and 
thought to the reduction of accidents in train 
operation, and had designed and invented several 
safety devices now in use by this company, which 
are improvements on any devices heretofore used 
by electrical railways 

daesctiselinttencenlet isaac 

A Mine Rescue Tournament will be held at the 
experiment station of the Bureau of Mines at 
Arsenal Park in Western Pennsylvania on Sept 
16. Contests will be held in first-aid work, fire 
fighting and the use of oxygen helmets, and a 
number of new safety devices will be 
trial. 


given a 
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A Sewer Trench Cave-in at Muskogee, Okla., 
July 24, killed seven workmen Three men were 
first entombed and had been nearly dug out when 
a second slide reburied them together with their 
four rescuers. 

ceeietetennsinianinimnillintiaieneoniionintiite 

An Explosion in the Power Plant of the Illinois 
Traction Co. at Riverton, Hl, seven miles east 
of Springfield, July 20, killed two men and seri- 
ously injured two others Reports state that 
the men had just finished reassembling a large 
Corliss engine which had been dismantled for 
repairs. It appears from the 
available that one of the cylinder covers was 


press accounts 


blown off when the steam was first turned on 
and that the cylinder of a smaller engine in oper- 
ation nearby was burst open by a piece of flying 
metal. 





o--—-—-—--- 

Municipal Ownership of Street Railways is to 
be put in force at Winnipeg, Man., Press dis- 
patches state that Mayor Evans of Winnipeg an- 
nounced on July 20 that the city authorities have 
decided to purchase the entire plant of the 
Winnipeg Electric Ry. Co., including its hy- 
draulic power plant and the gas and electric-light 
plant which it owns. 

——_—_—__ qq _—_—_—_ 

The Bridgeport Wreck of the Federal Express 
on the New York, New Haven & Hartford R. R 
on July 11, has been reported on by the coroner's 
jury, which finds criminal negligence on the part 
of the engineman for speeding over the cross- 
over; and criminal negligence on the part of the 
railway company for maintaining “an inherently 
dangerous and short cross-over on fast express 
trunk line tracks, and in relying on a rule gov- 
erning the use thereof; ... a longer and more 
gradual cross-over, with its accompanying 4di- 
minution in degree of angle, would have elimin- 
ated the danger of this situation.” The inquiry 
brought out satisfactory evidence that the proper 
signals had been set against the train, and that 
the engineman was in good health. The coroner 
recommended that the railway company consider 
the advisability of having two enginemen on fast 
trains “with no division of responsibility between 
them and that safety be consijered above all 
speed hazards.” The coroner considered that by 
this means the chance of passing danger signals 
would be minimized. He censured the railway 
company for requesting enginemen to make up 
lest time by fast running between stations. 

$$ a ———— 

Rapid Transit Subway construction in New York 
City, after many months of delay on account of 
negotiations between the city authorities and the 
railway companies, is now to go forward. The 
Board of Estimate on July 20 voted to proceed 
with the construction of additional rapid-transit 
subway lines under the terms of an offer made by 
the Brooklyn Rapid Transit Co. The total outlay 
involved in the new system is about $123,000,000 
for new construction, besides about $27,800,000 in 
lines which are now being built. The Brooklyn 
Rapid Transit Co., under the terms of the offer, is 
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to spend about $75,000,000 in construction of new 
lines and reconstruction of existing lines and on 
the equipment for operation of the entire system. 
About 44 miles of double-track subway line will 
be included in the system when completed. 

The Public Service Commission on July 21, in 
accordance with the above decision of the Board 
of Estimate, awarded contracts to the Bradley 
Construction Co. and to Charles H Peckworth for 
five sections of the Lexington Avenue subway, ex- 
tending from 26th St. to 106th St. (except for the 
section between 67th and 79th Sts.) The five con- 
tracts represent a total outlay of $16,139,428. 

This extension of the New York rapid-transit 
subway system is by far the largest engineering 
work, measured by total outlay involved, now in 
progress in the United States. 


a 


Settlement of a Bascule Bridge Pier at Fall 
River, Mass., on July 25, 1911, deranged the oper- 
ation of the bridge and will require reconstruc- 
tion of the pier. The Brightman St. bridge 
over the Taunton River, a two-leaf bascule, was 
built 1905-1908, being opened in October, 1909. 
It cost about $980,000. The masonry piers of 
the bascule rest on a pile foundation, but the 
piles under the east end did not reach rock. This 
east pier has settled more than a foot, unequally, 
the southerly end being about 20 ins. low and 
the northerly end 10 ins. This settlement was 
sudden, being first seen on the morning of July 
20; by the following morning it had settled about 
%-in. more, it is reported. The bridge was closed 
to traffic. However, the bascule is still opera- 
tive, although the two leaves separated several 
inches at mid-channel. The only explanation 
for the accident which has been offered is that 
the piles under the pier failed. 

oo 


The Commission Plan of local government was 
adopted by the city of Passaic, N. J., on July 25 
by a vote of 1,792 to 861. Local newspapers, the 
city officials, political leaders and prominent citi- 
zens generally, favored the plan. 

—_—_—_———_-@—_ 


A Continuous Flight of 388 Miles was made at 
Brussels, Belgium, on July 17, by one Olieslagers 
with a monoplane flyer. The course was con- 
fined to the local aerodrome. 

During an aeroplane race between St. Peters- 
burg and Moscow, Russia, on July 25, a machine 
fell killing the passenger and badly injuring the 
pilot. 

— 

A Bond Issue of $19,500,000 for terminals for 
the New York State Barge Canal is proposed by 
a bill signed on July 25, by Gov. Dix. The 
proposition must be submitted to a referendum 
of the people at the general election next Novem- 
ber. Of the total amount, $9,740,000 is to be 
spent at New York City, $2,800,000 at Buffalo, 
700,000 at Rochester, $850,000 at Oswego, $1,450,- 
000 at Syracuse and smaller amounts at other 
cities along the line of the Canal. With the 
$101,000,000 originally authorized for the Canal, 
and the $7,000,000 authorizd last year for the 
Cayuga and Seneca extension, the total amount 
to be spent on the Barge Canal will be brought 
by this latest bond issue to $127,500,000. 


Co ee 


An Engine Duty of 195.000,000 ft. Ibs. per 1,000 
lbs. of steam is guaranteed for two new triple-ex- 
pansion pumping engines for which the City of 
Pittsburg has awarded contracts. These will be 
for the new Aspinwall pumping station which, 
when completed, will house five 20,000,000-gal. 
pumping units. Only four will be installed at 
present. At one end of the station will be erected 
the two complete new units with steam cylinders 
82, 60 and 94 ins. in diameter and 66-in. stroke. 
The water ends are designed to deliver 20,000,000 
gals. per day against a head of 275 ft. when the 
engine takes steam at 160 Ibs. gage and 100° F. 
superheat. At the opposite end of the building 
two Holly engines, now at the Montrose station, 
are to be erected with new water ends. Space will 
be left in the center of the building for the fifth 
unit. The new equipment will draw its supply 
from a suction line passing under the boiler room 
and running parallel to the engines, discharging 
‘»to the Montrose rising main, which supplies the 
Troy Hill Reservoir. At some future date the 
station will deliver to the proposed new Cabbage 
Hill Reservoir. The contract for the new pump- 
ing equipment was given to the Allis-Chalmers 
Co., of Milwaukee, for about $3,000,000. 

The engine guarantees are seen to greatly ex- 
ceed present pumping-engine record performances 
which have been considered noteworthy. The St. 
Louis pumping engines, noted in Eng. News, Apr. 
5, 1906, showed a duty of 181,068,600 ft. Ibs. per 
1,000 lbs, of steam; the Milwaukee engines, noted 
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in Eng. News, Mar. 10, 1910, showed 175,400,000 ft. 
Ibs. per 1,000 Ibs. of steam; an engine at Nashville, 
Tenn., (Eng. News, Dec. 21, 1909) has a record of 
184,700,000 ft. lbs. and one at Albany, N. Y., in 
May, 1909, gave 183,115,000 ft. Ibs. on test (Eng. 
News, Feb. 3, 1910). These guarantees even 
rise above what is claimed to be the record engine 
duty for any service—that of a Nordberg air com- 
pressor at Painesdale, Mich., which is reported to 
have shown by test the high figures of 194,930,000 
ft. lbs. per 1,000 Ibs. of steam. 
oe 


Small Single-Chambered City Councils have su- 
perseded the largér two-chambered governing 
bodies at Pittsburg, Pa., and Scranton, Pa., as a 
result of recent action by the Pennsylvania Leg- 
islature. The Pittsburg Council consists of nire 
and the Scranton of five or seven members. The 
new councils were appointed by the Governor to 
serve until Jan. 1, 1912, when they will be suc- 
ceeded by members chosen at the November elec- 
tions. The act fixes the salaries of the Council- 
men at between $2,000 and $6,500, as may be fixed 
by local ordinance. The Mayor of each of the 
two cities continues in office. 

_—_ OO 


Personals. 

Mr. J. A. McFarland, of St. Louis, Mo., has been 
appointed Chemist and Engineer of Tests of the 
St. Louis & San Francisco R. R. with headquar- 
ters at St. Louis, Mo. 


Mr. A. C. D. Blanchard, Assoc. M. Can. Soc. C. E., 
formerly Assistant Engineer, Main Drainage 
Works, Toronto, Ont., has been appointed City 
Engineer of Lethbridge, Alberta. 


Mr. C. E. Carson, formerly Superintendent of 
the Chicago Great Western R. R. at Clarion, 
Iowa, has been appointed Superintendent of the 
Northern Division at St. Paul, Minn., succeeding 
Mr. G. W. Vanderslice, resigned. 


Mr. A. A. McGregor, formerly Division Master 
Mechanic of the Louisville & Nashville R. R., at 
Etowah, Tenn., has been made Assistant Master 
Mechanic of the shops at Evansville, Ind., for the 
same railway, succeeding the late J. B. Huff. 


Mr. P. H. Everett, of Lynn, Mass., formerly 
Resident Engineer with the Massachusetts High- 
way Commission, has been appointed Assistant 
Chief Engineer of the Los Angeles County High- 
way Commission, of California, at a salary of 
$2,700 per annum. 


Mr. Walter G. Eliot, formerly an assistant en- 
gineer of the topographical bureau of the Bor- 
ough of Queens, New York City, has been ap- 
pointed Park Commissioner of the same bor- 


ough. Mr. Eliot is a graduate of Columbia Uni- 
versity School of Mines. 


Mr. E. O. Griefenhagen, recently in charge of 
the engineering and technical work of the Effi- 
eiency Division of the City of Chicago, Ill, has 
accepted a position as the head of a newly es- 
tablished department of the firm of Arthur Young 
& Co., certified public accountants, 1315 Monad- 
nock Block, Chicago, to handle efficiency work 
in engineering lines and general employment 
problems. 

Messrs. John A. Bensel, M. Am. Soc. C. E., State 
Engineer; Calvin Tomkins, Commissioner ~ of 
Docks, of New York City, and R. A. C. Smith, of 
New York City, have been appointed a state com- 
mission to investigate port conditions and pier 
extensions in New York Harbor. by Governor 
Dix, under a law recently passed by the New 
York state legislature. 


Mr. Benjamin Deakin, M. I. Mech. E., M. I. E. E., 
for many years of the engineering staff of the 
City and County of London Electric Supply Cor- 
porations, and subsequently Engineer and Man- 
ager in Australia for the British Insulated and 
Helsby Cable Co., and the Fiectric Supply Co. of 
Victoria, has joined the firm of Horrocks, Rox- 
burgh Propty. Ltd., of Melbourne, Australia. 


Prof. Gardner 8S. Williams, M. Am. Soc. C. E., 
has resigned the chair of Civil, Hydraulic and 
Sanitary Engineering at the University of Michi- 
gan, and will devote his entire time to practice 
as a consulting engineer, with offices at Ann 
Arbor, Mich. Prof. Williams has been engaged 
in teaching engineering for the past 13 years, six 
years at Cornell University, and seven years at 
the University of Michigan. 


Mr. Henry Holgate, Vice-President, Can. Soc. 
Cc. E., has retired from the firm of Ross & Hol- 
gate, Consulting Engineers, of Montreal, Que., 
and has become President of the Cedar Rapids 
Power Co. The business of the firm of Ross & 
Holgate will be carried on in the future under 
the name of R. A. Ross & Co. Mr. Holgate was 
chairman of the commission which investigated 
the Quebec Bridge failure, 
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Obituary. 

Nathan Haas, of the firm of Haas «& 
ing Engineers of Spokane, Wash., w: 
near Porcupine, Ont., on July 12, whi! 
ing to escape from the forest fires 
been raging in that district. He w 
uate of the Michigan College of Min: 
1898, and had been Superintendent a: 
of numerous mining properties in + 
west. He was 36 years old. 


Wilfred L. Cooper, Division Superin: 
the Pennsylvania R. R. at Bedford, P 
son Wilfred L. Cooper, Jr., a rodmar 
Pennsylvania R. R. at Harrisburg, 
drowned in the Susquehanna River « 
They were on a camping trip and lost ir lives 
by the upsetting of a canoe. The er was 
50 years old and the son 21 years; the | tter wag 
a graduate of Cornell University in t class of 
1910. 


Dr. Hugh Pitcairn, for 25 years a 
American railway official, died in Han 
many, on July 19. He was born in © 
1845 and came to this country with | parents 
while an infant. In 1859 he entered ‘he office 
of the Pennsylvania R. R. in Pittsbu Pa., to 
learn telegraphy. In 1865, he was m Assist- 
ant Trainmaster at Harrisburg. Lat: he be. 
came Superintendent of the Susquehanna Diyi- 
sion, and was for two years Assistant Genera] 
Superintendent. He had charge of the Evans- 
ville, Henderson & Nashville R. R. during its 
construction for the Pennsylvania R. !: After 
the completion of the road he was made its Gen- 
eral Superintendent. He continued in this posi- 
tion until the road was sold to the St. Louis & 
Southwestern R. R., when he accepted the posi- 
tion of Superintendent of the Pittsbure, Cincin- 
nati & St. Louis R. R. at Pittsburg, Pa. This po- 
sition he was compelled to resign in 1875 because 
of failing health. Thereafter he studied medi- 
cine in Europe and in Philadelphia and settled 
in Harrisburg, where he practiced for «a number 
of years. Dr. Pitcairn was a brother of Robert 
Pitcairn, for many years a prominent official of 
the Pennsylvania R. R. He is survived by four 
sons, Hugh, a civil engineer in the Philippine 
Islands, Roy, of Chicago, I1l., Norman B., a super- 
visor of the Pennsylvania R. R., and Frank, of 
Philadelphia, Pa. 

———————-oe—-- + 


Engineering Societies. 
COMING MEETINGS. 


SOUTH DAKOTA ENGINEERING SOCIETY. 
Aug. 23-26. Annual meeting at Deadwood, & 
Dak. Secy., R. G. Culbertson, Mitchell, §. 
Dak. 


TRAVELING ENGINEERS’ ASSOCIATION. | 
Aug. 29-Sept. 1. Annual convention at Chicago, 
Til. Secy., W. O. Thompson, N. Y. C. Car 
Shops, East Buffalo, N. Y. 
INTERNATIONAL ASSOCIATION OF MUNI- 
CIPAL ELECTRICIANS. 
Sept. 12-15. Annual meeting at St. Paul, Minn. 
Secy., Clarence R. George, Houston, Tex. 


MASTER CAR AND LOCOMOTIVE PAINTERS 
ASSOCIATION. 7 
Sept. 12-15. Annual convention at Atlantic 
City, N. J. Secy., A. P. Dane, Boston & 
Maine R. R., Reading, Mass. 
COLORADO ELECTRIC LIGHT, POWER AND 
RAILWAY ASSOCIATION. r 
Sept. 13-15. Annual convention at Glenwood 
prings, Colo. Secy., F. D. Morris, P. 0. 
Box 1052, Colorado Springs, Colo. 
ASSOCIATION OF EDISON ILLUMINATING 
COMPANIES 
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M ES. 
Sept. 19-21. Annual convention at Spring Lake, 
t J. Secy., N. T. Wilcox, Lowell, Mass. 


MICHIGAN GAS ASSOCIATION. 


Sept. 20-22. Annual meeting at Detroit, Mich. 
Reey.., Glenn R. Chamberlain, Grand Rapids 
Gas Light Co., Grand Rapids, Mich 


ILLUMINATING ENGINEERING SOCIFTY. 
Sept. 25-27. Annual convention at Chicago, 
fir Secy., Preston S. Millar, 29 West 39th St. 
New York City. 


AMERICAN SOCIETY OF MUNICIPAL IM- 

PROVEMENTS. a 

Sept. 26-29. Annual convention at Grand Rapi rm 

Mich. Secy., A. P. Folwell, 239 \vest 39t 
St., New York City. 


—— 


Vermont Electrical Association. 


The tenth annual meeting will be hel: at Laké 
Dunmore, Vt., Sept. 13-14, 1911. The secretar 
is Mr. A. B. Marsden, Manchester, Vt 


Engineers’ Society of Western Penn: \vania. 

A visit of inspection was*ma4e July | by § 
members and guests to the*y¢ «ws mb the | Clintic 
Marshall Construction Co., at ‘Hankin, !’)., whe 
the first three of the steel lock «.te8 G 
the Panama Canal-haf been erected for exam 
nation by Government inspectors bef ¢ beim 
shipped to Colon. The lock gates were \escribe 
in Eng. News, Sept. 16, 1909, p. 304. 
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